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		  Datasheet File OCR Text:


		  1 lt1573 sn1573 1573fas low dropout pnp regulator driver figure 1. 3.3v, 5a microprocessor supply  low cost solution for high current, low dropout regulators  fast transient response needs much less bulk capacitance  latching overload protection minimizes heat sink size  precision output voltage (1%)  single supply operation: v in  = 2.8v to 10v  small surface mount package  capable of very low dropout voltage ( 45  c, c out1  = 24    1  f x7r ceramic surface mount capacitors. place c out1  in the microprocessor socket cavity c in 100  f tant transient response for 0.2a to 5a output load step 10  s/div 1573 f01a 50mv/div 2.5a/div features descriptio u applicatio  s u typical applicatio u

 2 lt1573 sn1573 1573fas order part number s8 part marking 157333 1573i 1573 157325 157328 consult factory for military grade parts. the    denotes specifications that apply over the full operating temperature range, otherwise specifications are at t a  = 25  c. v in  = 5v, v drive  = 3v, unless otherwise noted. (note 1) input pin voltage (v in  to gnd) ...............................  10v drive pin voltage (v drive  to gnd) ..........................  10v output pin voltage (v out  to gnd) ..........................  10v shutdown pin voltage (v shdn  to gnd) ..................  10v operating junction temperature range lt1573c ...............................................  0  c to 125  c lt1573i ............................................ 40  c to 125  c storage temperature range ................   65  c to 150  c lead temperature (soldering, 10 sec.)................  300  c top view comp v out v in drive fb latch shdn gnd s8 package 8-lead plastic so 1 2 3 4 8 7 6 5 t jmax  = 125  c,   ja  = 85  c/ w lt1573cs8 lt1573cs8-2.5 lt1573cs8-2.8 lt1573cs8-3.3 lt1573is8 parameter conditions min typ max units dc characteristics lt1573 reference voltage (adjustable)(note 2) i drive  = 20ma, t j  = 25  c 1.252 1.265 1.278 v 5ma < i drive  < 250ma, 3v < v in  < 7v,  1.225 1.265 1.305 v 1.5v < v drive  < 7v lt1573-3.3 output voltage (note 2) i drive  = 20ma. t j  = 25  c 3.267 3.3 3.333 v 5ma < i drive  < 250ma, 3.5v < v in  < 7v,  3.234 3.3 3.366 v 1.5v < v drive  < 7v lt1573-2.8 output voltage (note 2) i drive  = 20ma, t j  = 25  c 2.772 2.8 2.828 v 5ma < i drive  < 250ma, 3v < v in  < 7v,  2.744 2.8 2.856 v 1.5v < v drive  < 7v lt1573-2.5 output voltage (note 2) i drive  = 20ma, t j  = 25  c 2.475 2.5 2.525 v 5ma < i drive  < 250ma, 3v < v in  < 7v,  2.450 2.5 2.550 v 1.5v < v drive  < 7v line regulation lt1573 (v fb )i drive  = 20ma, 3v < v in  < 7v  0.17 2 mv lt1573-3.3 (v out )i drive  = 20ma, 3.5v < v in  < 7v  0.34 5 mv lt1573-2.8 (v out )i drive  = 20ma, 3v < v in  < 7v  0.34 4 mv lt1573-2.5 (v out )i drive  = 20ma, 3v < v in  < 7v  0.25 4 mv load regulation lt1573 (v fb ) ? i drive  = 20ma to 250ma  730 mv lt1573-3.3 (v out ) ? i drive  = 20ma to 250ma  18 40 mv lt1573-2.8 (v out ) ? i drive  = 20ma to 250ma  15 34 mv lt1573-2.5 (v out ) ? i drive  = 20ma to 250ma  13 30 mv fb   pin bias current (adjustable only) v fb  = 1.265v  0.8 5  a drive pin current v fb  = 1.35v, v drive  = 7v  2ma v fb  = 1.15v, v drive  = 1.5v  250 440 ma drive pin saturation voltage i drive  = 20ma, v fb  = 1.15v  0.12 0.3 v i drive  = 250ma, v fb  = 1.15v  0.73 1.4 v shdn pin threshold voltage  1.0 1.33 1.6 v shdn pin current v shdn  = 5v 200  a absolute    axi   u    rati  gs w ww u package/order i  for   atio uu w electrical characteristics

 3 lt1573 sn1573 1573fas parameter conditions min typ max units latch pin latch-off threshold voltage  0.8 1.4 2.2 v latch pin charging current 7  a latch pin latching current 0.65 ma v in  ?v out  differential threshold for latch disable  0.4 0.7 1.0 v input quiescent current v in  = 7v  1.7 3.5 ma minimum input voltage for bias operation  2.8 v note 1:  absolute maximum ratings are those values beyond which the life of the device may be impaired. note 2:  operating conditions are limited by maximum junction temperature. the regulated feedback or output voltage specification will not apply for all possible combinations of input voltage, drive voltage and drive current. when operating at maximum drive current, the drive voltage range must be limited. when operating at maximum input and drive voltage, the drive current must be limited. temperature (  c) ?0 feedback pin voltage (v)  1.290 1.285 1.280 1.275 1.270 1.265 1.260 1.255 1.250 1.245 1.240 0 50 75 1573 g01 ?5 25 100 125 150 lt1573 feedback pin voltage vs temperature temperature (  c) ?0 output voltage (v) 3.40 3.38 3.36 3.34 3.32 3.30 3.28 3.26 3.24 3.22 3.20 0 50 75 1573 g02 ?5 25 100 125 lt1573-3.3v output voltage vs temperature temperature (  c) ?0 output voltage (v) 2.90 2.88 2.86 2.84 2.82 2.80 2.78 2.76 2.74 2.72 2.70 0 50 75 1573 g03 ?5 25 100 125 lt1573-2.8v output voltage vs temperature temperature (  c) quiescent current (ma) 1573 g06 3.0 2.5 2.0 1.5 1.0 0.5 0 ?0 0 50 75 ?5 25 100 125 150 lt1573-2.5v output voltage vs temperature temperature (  c) ?0 output voltage (v) 2.60 2.58 2.56 2.54 2.52 2.50 2.48 2.46 2.44 2.42 2.40 0 50 75 1573 g04 ?5 25 100 125 feedback pin bias current vs temperature quiescent current vs temperature temperature (  c) ?0 feedback pin current (  a)  2.5 2.0 1.5 1.0 0.5 0 0 50 75 1573 g05 ?5 25 100 125 150 the    denotes specifications that apply over the full operating temperature range, otherwise specifications are at t a  = 25  c. v in  = 5v, v drive  = 3v, unless otherwise noted. electrical characteristics typical perfor   a  ce characteristics   uw

 4 lt1573 sn1573 1573fas feedback pin voltage (v) 0 drive pin current (ma) 1.0 1.2 450 400 350 300 250 200 150 100 50 0 1573 g07 0.4 0.6 0.8 0.2 1.4 t j  = 130  c t j  = 25  c t j  = 45  c drive pin current vs feedback pin voltage temperature (  c) ?0 v in  ?v out  (v) 150 1573 g09 ?5 0 255075 125 100 0.85 0.80 0.75 0.70 0.65 0.60 0.55 0.50 0.45 0.40 v in  = 5v latch disabled for (v in  ?v out ) < latch disable threshold drive pin current (ma) 0 drive pin voltage (v) 50 100 150 200 1573 g08 250 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0 300 t j  = 130  c t j  = 45  c t j  = 25  c latch-disable threshold (v in  ?v out ) vs temperature input voltage (v) 23 latch pin latch-off threshold (v) 3.0 2.5 2.0 1.5 1.0 0.5 0 45 7 6 1573 g10 8 t j  = 125  c t j  = 45  c t j  = 25  c latch charging current vs input voltage latch pin latch-off threshold vs input voltage input voltage (v) 2 latching current (ma) 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0 45 7 36 1573 g12 8 t j  = 25  c t j  = 45  c t j  = 125  c latching current vs input voltage input voltage (v) 2357 latch charging current (  a) 16 14 12 10 8 6 4 2 0 46 1573 g11 8 t j  = 125  c t j  = 25  c t j  = 45  c shutdown pin voltage (v) 0 shutdown pin current (  a) 300 250 200 150 100 50 0 23 5 7 146 1573 g14 t j  = 125  c t j  = 25  c t j  = 45  c temperature (  c) shutdown threshold (v) 1.5 1.4 1.3 1.2 1.1 1.0 1573 g13 50 150 ?5 0 25 50 75 125 100 shutdown pin current vs shutdown pin voltage shutdown voltage threshold vs temperature drive pin saturation voltage vs drive pin current typical perfor   a  ce characteristics   uw

 5 lt1573 sn1573 1573fas activated by applying a voltage > 1.3v to the shdn pin. the output voltage will restart as soon as the shdn pin is pulled below the shutdown threshold. if the shutdown/ reset function is not used, the pin should be grounded. the voltage applied to the shdn pin can be higher than the input voltage. when the shdn pin voltage is higher than 2v, the shdn pin current increases and is limited by an internal 20k resistor. gnd (pin 4):  circuit ground. drive (pin 5):  the drive pin is connected to the collector of the main drive transistor of the lt1573. this drive transistor sinks the base current of the external pnp output transistor. a resistor is normally inserted between the base of the external pnp output transistor and the drive pin. this resistor is sized to allow the lt1573 to sink the appropriate amount of base current for a given application and to activate the overcurrent latch in a fault condition. v in  (pin 6):  this pin provides power to all internal circuitry of the lt1573 including bias, start-up, thermal limit, error amplifier and all overcurrent latch circuitry. v out  (pin 7):  the v out  pin is the input to comparator c1 shown in block diagram. this pin is normally connected to the output. the comparator c1 is used to disable the overcurrent latch during start-up when the output transis- tor is saturated. for fixed voltage devices the top of the internal resistor divider that sets the output voltage is connected to this pin. comp (pin 8):  a compensation network is inserted between the v out  and comp pins to obtain optimal transient response. under normal condition, the dc volt- age of the comp pin sits at one v be  above ground. fb   (pin 1):  the feedback pin is the inverting input of the error amplifier. the noninverting input of the error ampli- fier is internally connected to a 1.265v reference. the error amplifier will servo the drive to the output transistor, q out in figure 1, to force the voltage at the feedback pin to be 1.265v. output voltage is set by a resistor divider as shown in figure 1. for adjustable devices an external resistor divider is used to set the output voltage. for fixed voltage devices the resistor divider is internal and the top of the resistor divider is connected to the v out  pin. latch (pin 2):  the lt1573 provides overcurrent protec- tion with a timed latch-off circuit. the latch-off time out is triggered when the drive pin is pulled below the satura- tion voltage of the drive transistor. the saturation voltage is a function of the drive current and is equal to approxi- mately 130mv at 20ma rising to 780mv at 250ma (see typical performance curves). the time out is set by the latch charging current and the value of a capacitor con- nected between the latch pin and ground. if the overcurrent condition persists at the end of the timing cycle the regulator will latch off until either the latch is reset or power is cycled off and back on. the latch can be reset by either pulling the shdn pin high, pulling current out of the  latch pin greater than latching current or grounding the latch pin. exceeding the thermal limit temperature will trigger the latch with no timing delay. under normal condition, the dc voltage at the latch pin is zero. when the system is latched off, the dc voltage at thelatch pin is two v be  above ground. shdn (pin 3):  the shdn pin has two functions. it can be used to turn off the output voltage by disabling the drive to the output transistor. it can also be used to reset the current limit latch. the shutdown/reset functions are uu u pi   fu  ctio  s

 6 lt1573 sn1573 1573fas  +  +  +  +  + v shdnth + i 3 i latch + i 2 v in v in shdn gnd comp error amp v out i dischrg latch drive normally off normally on normally off normally off external capacitor c1 c2 c4 c3 q4 + i chrg v drsat v iodth v latchth c ext + + + thermal shutdown fb gnd 1573 bd  r1 r2 for fixed voltage version 1.265v 7 6 5 2 6 3 4 4 81 q5 q3 q1 q2 s3 s4 s2 s1 the basic block diagram of the lt1573 is shown above. the regulating loop consists of a 1.265v reference, an error amplifier, a darlington driver and an external pnp pass transistor. the 1.265v reference feeds the noninvert- ing input of the error amplifier. the error amplifier drives the darlington connected transistor pair q1 and q2. the collector of q1 comes out to the drive pin and is used to drive the base of an external pnp power transistor as shown in figure 1. the error amplifier will adjust the drive current to the external pnp power transistor to maintain the feedback pin voltage at 1.265v. the lt1573 provides overcurrent protection by means of a timed latch function. base current to the external pnp transistor is limited by placing a resistor between the base of the transistor and the drive pin. when the drive pin drops below v drsat (the drive pin saturation voltage) the output of the comparator c2 switches high; s1, which is normally closed, opens and the external capacitor connected to the latch pin is allowed to charge. discharge current i dischrg is equal to approximately 28  a and charging current i chrg is equal to approximately 7  a. if the fault condition goes away before c ext  charges to the latch threshold, c2 will switch back low, s1 will close and q4 will discharge c ext . if the fault condition persists long enough for c ext  to charge up to the latch threshold (v latchth ), comparator c4 will switch high and s4 will close and latch the output off. the device will stay latched because latching current i latch  is greater than the pull-down current of q4. thermal shutdown circuitry will close s4 and latch the device off with no timing delay. comparator c1 is used to override the latching function during start-up. if the difference between the output voltage and the input voltage is less than the input-output differential threshold (v iodth ), comparator c1 output goes high which closes s2. current source i 2  then drives base of q4 which prevents c ext  from charging. comparator c3 is used for system shutdown and latch reset. if shdn pin voltage is higher than shut- down threshold v sdth , the comparator c3 output goes high, shutting down the regulator and closing switch s3. current i 3  will drive q4 to discharge c ext , resetting the latch. block diagra     w fu  ctio  al descriptio u u u

 7 lt1573 sn1573 1573fas figure 2. basic regulator circuit on the regulator circuit under overload conditions. the resistor r d  is chosen based on the operating requirements of the circuit, primarily the dropout voltage and the output current. the dropout voltage of an lt1573-based regula- tor circuit is determined by the v ce  saturation voltage of the discrete external pnp transistor when it is driven with a base current equal to the available drive current of the lt1573. external pnp transistor selection criteria the selection of an appropriate external pnp transistor depends on the regulator application specifications. the critical pnp transistor selection criteria include: 1. the maximum output current of the pnp transistor 2. the dropout voltage at the maximum output current 3. the gain-bandwidth product f t  of the transistor the pnp transistor must be able to supply the specified maximum regulator output current to be qualified for the regulator application. the v ce  saturation voltage of the transistor at the maximum output current determines the dropout voltage of the circuit. the dropout voltage deter- mines the minimum regulator input voltage for a certain specified output voltage. the gain-bandwidth product f t of the transistor determines how fast the voltage regulator can follow an output load change without losing voltage regulation. the d45h11 from motorola and the kse45h11tu from samsung can be used in all lt1573 regulator circuits with current ratings up to 5a. the d45h11 can supply 5a of comp v out v in drive fb latch shdn gnd lt1573 + c time c out2 c out1 c c v in r c r d v out gnd 1573 f02 r b r1 r2 load + + q out c in the lt1573 is designed to be used in conjunction with an external pnp transistor. the overall specifications of a regulator circuit using the lt1573 and an external pnp will be heavily dependent on the specifications of the external pnp. while there are a wide variety of pnp transistors available that can be used with the lt1573, the specifica- tions given in a typical transistor data sheet are of little use in determining overall circuit performance. in the follow- ing discussion the critical requirements of the pnp tran- sistors are noted. design equations are given and examples are shown using a readily available discrete pnp transistor. this device is inexpensive, available from mul- tiple sources and can be used for a wide range of applica- tions. for applications using other pnp transistors, the regulator specifications can be derived by the same method. basic regulator circuit the basic regulator circuit is shown in figure 2. the adjustable output lt1573 senses the regulator output voltage from its feedback pin via the output voltage divider, r1 and r2,  and drives the base of the external pnp transistor to maintain the regulator output at the desired value. for fixed output versions of the lt1573, the regu- lator output voltage is sensed from the feedback pin via an internal voltage divider. the resistor r d  is required for the overcurrent latch-off function. r d  is also used to limit the drive current available to the external pnp transistor and to limit the power dissipation in the lt1573. limiting the drive current to the external pnp transistor will limit the output current of the regulator which minimizes the stress applicatio  s i  for   atio wu uu

 8 lt1573 sn1573 1573fas current limit for regulator circuits using the lt1573, current limiting is achieved by limiting the base drive current to the external pnp pass transistor. this means that the actual system current limit will be a function of both the current limit of the lt1573 and the beta of the external pnp. motorola provides the following beta information for the d45h11. the minimum beta of the d45h11 is 60 when v ce  = 1v and i c  = 2a. the minimum beta is 40 when v ce  = 1v and i c  = 4a. for other pnp transistors, the user should first find out the beta information from the external pnp transistor manufacturer to determine the appropriate lt1573 base drive current limit. the current limit of the regulator system then can be achieved by selecting the appropriate amount of resistance r d  in figure 2. selecting r d resistor r d  can be used to limit the available drive current to the external pnp transistor. in order to select r d , the user should first choose the value of the drive current that will give the required value of output current and dropout voltage. for a circuit using the d45h11 as a pass transistor this can be done using table 1. for circuits using transis- tors other than d45h11, the user must characterize the transistor to determine the drive current requirements for the specified output current and dropout voltage. in gen- eral, it is recommended that the user choose the lowest value of drive current that will satisfy the output current requirements. this will minimize the stress on circuit components during overload conditions. the formula used to determine the resistor r d  is: r d  = (v in  ?v be  ?v drive )/(i drive  + i rb ) (1) where, v in  = the minimum input voltage to the circuit v be  = the maximum emitter/base voltage of the pnp pass transistor i drive  = the minimum pnp base current required i rb  = the current through r b  = v be /r b v drive  = the drive pin saturation voltage when the drive pin current equals (i drive  + i rb ) output current with dropout voltage as low as 0.35v. the gain-bandwidth product f t  of the d45h11 is typically 40mhz which enables the regulator, composed of this pnp transistor and the lt1573, to handle the load changes of several amps in a few hundred nanoseconds with a minimum amount of output capacitance. the following sections describe how specifications can be determined for the basic regulator based on the lt1573 and d45h11 from motorola. to determine the specifica- tions for regulators formed by the lt1573 and other pnp transistors, a similar method can be used. dropout voltage the dropout voltage of an lt1573-based regulator circuit is determined by the v ce  saturation voltage of the discrete external pnp transistor when it is driven with a base current equal to the available drive current of the lt1573. the lt1573 is guaranteed to sink 250ma of base current (440ma typ). the available drive current of the lt1573 can be reduced by adding a resistor (r d  in figure 2) in series with the drive pin. table 1 lists some useful operating points for the d45h11. these points were empirically determined using a sampling of devices. table 1. d45h11 dropout voltage typical drive current output current dropout voltage (ma) (a) (v) 20 1 0.20 20 2 0.50 40 2 0.25 40 3 0.50 60 3 0.25 60 4 0.70 80 4 0.45 100 4 0.35 100 5 0.70 150 5 0.40 200 5 0.35 150 6 0.65 200 6 0.45 250 7 0.50 applicatio  s i  for   atio wu uu

 9 lt1573 sn1573 1573fas resistor r b  helps to turn off the pnp (q out  in figure 2). smaller values for r b  turn off the pnp faster but will increase input current. the recommended value for r b  is 50 ? . for circuits that do not require high output current or fast transient response, the value of r b  can be increased up to 200 ? . for the d45h11, the emitter-base voltage is a function of base and collector current. table 2 lists some useful operating points for the d45h11. these points were empirically determined using a sampling of devices. table 2. d45h11 v be i b i c v be  at 25  c (ma) (a) (v) 1 0.2 0.65 7 1 0.75 23 2 0.80 45 3 0.85 66 4 0.90 100 5 0.95 design example given the following operating requirements: 4.5v < v in  < 5.5v i out(max)  = 5a v out  = 3.3v 1. the first step is to determine the required drive current for the d45h11. dropout voltage must be less than 1.2v at 5a output current. from table 1, a drive current of 100ma will give 0.7v dropout voltage at an output current of 5a. this satisfies the operating require- ments. 2. the next step is to determine the value of r d . assume r b  is 50 ? . from table 2, the maximum emitter-base voltage for this design is 0.95v. the current through r b  is: i rb  = v be /r b  = 0.95/50 = 19ma v drive  is the drive pin saturation voltage when the drive pin current equals 119ma, which can be read from the typical performance characteristics curve to be 0.39v. resistor r d  now can be calculated from eq (1): r d  = (4.5 ?0.95 ?0.39)v/(100 + 19)ma = 26.6 ? the next lowest 5% value is 24 ? . overcurrent latch-off in addition to limiting the base drive current, the resistor r d  is included in the circuit for the overcurrent protection latch-off function. there is a minimum value for this resistance. it is calculated by equation 1 with the drive current i drive  set to the minimum available drive current (= 250ma) from the lt1573. at high currents, r d  also limits the power dissipation in the lt1573. in some conditions, resistor r d  can be replaced with a short. this is possible in circuits where an overload is unlikely and the input voltage and drive requirements are low. if resistor r d is not included in the circuit, the regulator is protected against the overcurrent condition only by the thermal shutdown function. after the resistor r d  is determined, a certain amount of base drive current is available to the external pnp transistor. an overcurrent or output short condition will demand a base drive current greater than the lt1573 can supply. the internal drive transistor will saturate. a time-out latch will be triggered by this overcurrent condition to turn off the regulator system. the time-out period is determined by an external capacitor connected between the latch and gnd pins. the time- out period is equal to the time it takes for the capacitor to charge from 0v to the latch threshold which is equal to 2v be . the latch charging current is set by an internal current source and is a function of input voltage and temperature as shown in the typical performance charac- teristics curve. at 25  c, the typical latch charging current ranges from 7.2  a with 3v input to 8  a with 7v input. if the overcurrent or output short condition persists longer than the time-out period, the regulator will be shut down. otherwise, the regulator will function normally. in the latch-off mode, some extra current is drawn from the input to maintain the latch. the latching current is a function of input voltage and temperature as shown in the typical performance characteristic curve. at 25  c, the typical latching current ranges from 0.3ma with 3v input to 9.5ma with 7v input. the latch can be reset by recycling input power, by grounding the latch pin or by putting the device into shutdown. applicatio  s i  for   atio wu uu

 10 lt1573 sn1573 1573fas thermal considerations the thermal characteristics of several components need to be considered; the lt1573, the pass transistor and resistor r d . power dissipation should be calculated based on the worst-case conditions seen by each component during normal operation. 1. power dissipation of the lt1573:  the worst-case power dissipation in the lt1573 is a function of drive current, supply voltage and the value of r d . worst-case dissipation for the lt1573 occurs when the drive cur- rent is equal to approximately one half of its maximum value. the worst-case power dissipation in the lt1573 can be calculated by the following formula: p vv r r d in be d d = ? () > 2 4 minimum r  for latch - off function d (2) where, v in  = the maximum input voltage to the circuit v be  = the minimum emitter/base voltage of the pnp pass transistor following the previous design example for selecting resistor r d , the power dissipation of lt1573 is calcu- lated from eq (2): pw d = ? () () = 55 065 424 025 2 .. . for some operating conditions r d  may be replaced with a short. this is possible in applications where the operating requirements (input voltage and drive cur- rent) are at the low end and the output will not be shorted. for r d  = 0, the following formula may be used to calculate the maximum power dissipation in the lt1573: p d  = (v in  ?v be )(i drive ) (3) where, v in  = the maximum input voltage v be  = the minimum emitter/base voltage of the pnp i drive  = the required maximum drive current 2. power dissipation of the resistor r d :  the worst-case power dissipation in resistor r d  needs to be calculated so that the power rating of the resistor can be deter- mined. the worst-case power dissipation in this resis- tor will occur when the drive current is at a maximum. the power dissipation can be calculated from the fol- lowing formula: p vv v r rd in be drive d = ?? () 2 (4) where, v in  = the maximum input voltage v be  = the minimum emitter/base voltage of the pnp v drive  = the voltage at the lt1573 drive pin = v sat  of the drive pin in the worst case following the previous design example, the power dissipation of resistor r d  is calculated from eq (4): pw rd = ?? () = 55 065 039 24 083 2 .. . . 3. power dissipation of the pnp transistor:  the worst- case power dissipation in the pnp pass transistor is simply equal to: p pnp  = (v in  ?v out )(i out ) (5) where, v in  = the maximum input voltage i out  = the maximum output current following the previous design example, the power dissipation of pnp transistor is calculated from eq (5): p pnp  = (5.5 ?3.3)(5) = 11w the lt1573 series regulators have internal thermal limiting designed to protect the device during overload conditions. for continuous normal load conditions, the maximum junction temperature rating of 125  c must not be exceeded. it is important to give careful consideration to all sources of thermal resistance from junction to ambient. for surface mount devices, heat sinking is accomplished by using the heat spreading applicatio  s i  for   atio wu uu

 11 lt1573 sn1573 1573fas capabilities of the pc board and its copper traces. table 3 lists some typical values for the thermal resistance of the lt1573. measured values of thermal resistance for a specific board size with different copper areas are listed. all measurements were taken in still air on 3/32 " fr-4 board with 2oz copper. it is possible to achieve significantly lower values with thinner multilayer boards. compensation in order to improve the transient response to regulator output load variation, a capacitor in series with a resistor can be inserted between the v out  and comp pins. for the microprocessor power supply regulator system based on the lt1573 and the pnp transistor d45h11 with 24 1  f surface mount ceramic capacitors in parallel with one 220  f surface mount tantalum capacitor at the output as shown in figure 1, a 100pf capacitor in series with a 1k resistor is recommended. in theory, the output capacitor forms the dominant pole of the regulator system. an internal compensation capacitor forms another pole. the external compensation capacitor and resistor form a zero which adds phase margin to the regulator system to prevent high frequency oscillation. the lt1573 has an internal pole at approximately 5khz. an external compen- sation zero between 10khz and 100khz is usually required to stabilize the regulator. the zero frequency is primarily determined by the compensation capacitor and can be roughly calculated by the following equation: f khz pf cpf c zero comp comp = () () () ? 40 30 10 100 , a compensation resistor between 1k and 10k is sug- gested. a compensation resistor of 5k works for most cases. in some cases, a greater compensation resistor is needed to stop oscillation above 1mhz. in some cases, the output capacitor may have enough equivalent series resis- tance (esr) to generate the required zero and the external compensation zero may not be needed. output capacitor the lt1573 is designed to be used with an external pnp transistor with a high gain-bandwidth product f t  to make a regulator with a very fast transient response, which can minimize the size of the output capacitor. for a regulator made of an lt1573 and a d45h11, only one 10  f surface mount ceramic capacitor at the output is enough for the regulator to handle the output load varying up to 5a in a few hundred nanoseconds interval and to remain stable with a 30pf capacitor in series with a 7.5k resistor between the v out  and comp pins. if tighter voltage regulation is table 3. lt1573 thermal resistance        copper area thermal resistance topside* backside board area (junction-to-ambient) 2500mm 2 2500mm 2 2500mm 2 80  c/w 1000mm 2 2500mm 2 2500mm 2 80  c/w 225mm 2 2500mm 2 2500mm 2 85  c/w *device is mounted on topside. we can find out the maximum junction temperature of the lt1573 during normal load operation after we calculate the maximum power dissipation of the lt1573 from eq (2). from the previous design example, the maximum power dissipation of the lt1573 is 0.2w. from table 3, we know the thermal resistance from junction-to-ambient is around 85  c/w. the tempera- ture difference between junction and ambient is: (0.25w)(85  c/w) = 21.25  c if the maximum ambient temperature is specified at 50  c, the maximum junction temperature will be: t jmax  = 50  c + 21.25  c = 71.25  c the maximum junction temperature must not exceed the specified 125  c for safe continuous regulator op- eration. thermal limiting the thermal shutdown temperature of the lt1573 is approximately 150  c. the thermal limit of the lt1573 can be used to protect both the lt1573 and the external pnp pass transistor. this is accomplished by thermally cou- pling the lt1573 to the pnp power transistor by locating the lt1573 as close to the pnp transistor as possible. in this case, the power dissipation of the power transistor must be considered in the lt1573 maximum junction temperature calculation. applicatio  s i  for   atio wu uu

 12 lt1573 sn1573 1573fas needed during output transients, more capacitance can be added to the regulator output. if more capacitance is added to the output, the bandwidth of the regulator is lowered. a large value compensation capacitor may be needed to lower the frequency of the compensation zero to avoid high frequency oscillation. equal value output capacitors with different esr can have different output transient response. high frequency performance will be strongly affected by parasitics in the output capacitor and board layout. some experimentation with the external compensation will be required for optimum results. shutdown function the regulator can be shut down by pulling the shdn pin voltage higher than the shutdown threshold (about 1.3v). the regulator will restart itself if the shdn is pulled below the shutdown threshold.the shdn pin should be tied to ground if it is not used. the shdn pin voltage can be higher than the input voltage. when the shdn pin voltage is higher than 2v, the shdn pin current increases and is limited by a 20k resistor. momentarily putting the device into shutdown also resets the overcurrent latch. lower dropout voltage or higher output current capability lower dropout voltage or higher output current capability can be achieved by paralleling several output pnp transis- tors as shown in figure 3. by paralleling output pnp transistors, the equivalent resistance between the emit- ters (v in ) and collectors (v out ) is lowered or each pnp transistor sharing the output current now runs at a lower collector current, which causes the dropout voltage to decrease. because the pnp transistors are running at a lower collector current where the transistor beta is higher, much more output current can be obtained at a given base drive current. when paralleling two or more output tran- sistors, a separate resistor is needed for r b  and r d  for each output transistor. this allows the base drive current to be split evenly between output transistors, which pro- motes equal output current sharing. in the specific example drawn in figure 3 with two output transistors, the resistance of r b1  and r b2  is now twice the value of the resistance of r b  in figure 2, and the resistance of r d1  and r d2  is twice the value of the resistance of r d  in figure 2. in case of n pnp transistors in parallel, the resistance r b comp v out v in drive fb latch shdn gnd lt1573 + c time c out1  c c v in r c v out gnd 1573 f03 r b1 r b2 r d2 r d1 r1 r2 load + q out2 q out1 c in figure 3. reduced dropout voltage or increased output current by paralleling output pnp transistors applicatio  s i  for   atio wu uu

 13 lt1573 sn1573 1573fas equals the resistance of r b1 , r b2 , ..., and r bn  in parallel, and the resistance r d  equals the resistance of r d1 , r d2 , ..., and r dn  in parallel. voltage feedback resistor divider table voltage feedback resistor divider is provided for conve- nience for the most possibly used output voltages in table 4. table 4. lt1573 output feedback divider resistance output r1 ( ? ) voltage (v) r2 ( ? ) (nearest 1%) 1.5 1k 187 1.8 1k 422 2.0 1k 576 2.2 1k 732 2.5 1k 976 2.8 1k 1210 3.0 1k 1370 3.3 1k 1620 3.5 1k 1780 3.8 1k 2000 4.0 1k 2150 4.5 1k 2550 5.0 1k 2940 comp v out fb latch lt1573 + c time 0.5  f c out2 c out1 c c 100pf v in 5v r c 1k 1/8w r d 24 ? 1/2w v out 3.3v gnd 1573 ta01  r b 50 ? 1/8w r1 1.6k 1/8w r2 1k 1/8w load + + q out motorola d45h11 c out1  = 24    1  f surface mount ceramic capacitor (for t < 45  c, c out1  = 24    1  f y5v ceramic surface mount capacitors, for t > 45  c, c out1  = 24    1  f x7r ceramic surface mount capacitors) place c out1  in the microprocessor socket cavity c in , c out2  = 220  f surface mount tantalum capacitor c time  = 0.5  f for 100ms time out at room temperature shdn (active high) pin should be tied to ground if it is not used   c in 5v v in drive shdn gnd + 3.3v/5a microprocessor supply applicatio  s i  for   atio wu uu typical applicatio  s u

 14 lt1573 sn1573 1573fas comp v out fb latch lt1573 + c time 0.5  f c out v in 6v to 9v r d 130 ? 1/2w v out 5v gnd 1573 ta03 r b 200 ? 1/8w r1 2.94k 1/8w r2 1k 1/8w load + motorola d45h11 c in = 150  f (sanyo surface mount electrolytic, 10v, part #10cv150bs) or 10  f low esr tantalum capacitor c out  =47  f (sanyo surface mount electrolytic, 25v, part #25cv47bs)  or 150  f (sanyo surface mount electrolytic, 10v, part #10cv150bs) c time = 0.5  f for 100ms time out at room temperature       shdn (active high) pin should be tied to ground if it is not used c in v in drive shdn gnd + comp v out fb latch lt1573 + c time 0.5  f c out2 c out1 c c 30pf v in 3.3v r c 1k 1/8w r d 39 ? 1/2w v out 2.5v gnd 1573 ta02  r b 200 ? 1/8w r1 976 ? 1/8w r2 1k 1/8w load + + q out motorola d45h11 c in  = 22  f surface mount tantalum capacitor c out1  = 10  f surface mount ceramic capacitor c out2  = 15  f surface mount tantalum capacitor c time  = 0.5  f for 100ms time out at room temperature shdn (active high) pin should be tied to ground if it is not used   c in v in drive shdn gnd + 3.3v to 2.5/2a voltage regulator 5v/2a output from 6v to 9v wall adapter input typical applicatio  s u

 15 lt1573 sn1573 1573fas information furnished by linear technology corporation is believed to be accurate and reliable. however, no responsibility is assumed for its use. linear technology corporation makes no represen- tation that the interconnection of its circuits as described herein will not infringe on existing patent rights. 3.3v to 2.85v/1a voltage regulator high efficiency 2.5v to 1.5v converter at 6a output current comp v out fb latch lt1573 + c time 0.5  f c out v in 3.3v r d 91 ? 1/2w v out 2.85v gnd 1573 ta04 r b 200 ? 1/8w r1 1.24k 1/8w r2 1k 1/8w load + motorola d45h11 c in ,   c out  = avx 100  f/10v surface mount tantalum capacitor c time  = 0.5  f for 100ms time out at room temperature shdn (active high) pin should be tied to ground if it is not used c in v in drive shdn gnd + comp v out fb latch lt1573 + c time 0.5  f c out v in2 3v to 7v r d 6 ? 1/2w v out 1.5v v in1 2.5v gnd 1573 ta05 r b 200 ? 1/8w r1 186 ? 1/8w r2 1k 1/8w load motorola d45h11 c in1 ,   c out  = avx 100  f/10v surface mount tantalum capacitor c in2  = avx 15  f/10v surface mount tantalum capacitor c time  = 0.5  f for 100ms time out at room temperature shdn (active high) pin should be tied to ground if it is not used c in2 v in drive shdn gnd + + c in1 + typical applicatio  s u

 16 lt1573 sn1573 1573fas  lt/tp 1299 2k rev a ?printed in usa ?  linear technology corporation 1997 linear technology  corporation 1630 mccarthy blvd., milpitas, ca 95035-7417    (408) 432-1900 fax: (408) 434-0507    telex: 499-3977    www.linear-tech.com high efficiency 2.5v to 1.8v converter at 5a output current comp v out fb latch lt1573 + c time 0.5  f c out v in2 3v to 7v v in1 2.5v v out 1.8v r d 6.2 ? 1/2w gnd 1573 ta06 r b 200 ? 1/8w r1 420 ? 1/8w r2 1k 1/8w load motorola d45h11 c in1 , c out  = avx 100  f/10v surface mount tantalum capacitor c in2  = avx 15  f/10v surface mount tantalum capacitor c time  = 0.5  f for 100ms time out at room temperature shdn (active high) pin should be tied to ground if it is not used c in2 v in drive shdn gnd + + c in1 + dimensions in inches (millimeters) unless otherwise noted. s8 package 8-lead plastic small outline (narrow 0.150) (ltc dwg # 05-08-1610) part number description comments lt1529 3a micropower low dropout regulator 50  a quiescent current, 0.5v dropout, shutdown lt1575/lt1577 low dropout n-channel mosfet regulator driver ultrafast transient, adjustable/fixed output, current limiting lt1580/lt1581 7a, 10a very low dropout linear regulators for high current 3.3v to 2.xv applications lt1584/lt1585/lt1587 7a/4.6a/3a low dropout, fast response regulators for high performance microprocessors lt1761/lt1762/lt1763 low noise ldo micropower regulators 20  a to 30  a quiescent current, 20  v rms  noise lt1764 3a fast transient response low dropout regulator 340mv dropout voltage related parts 0.016 ?0.050 (0.406 ?1.270) 0.010 ?0.020 (0.254 ?0.508)   45  0  ?8   typ 0.008 ?0.010 (0.203 ?0.254) so8 1298 0.053 ?0.069 (1.346 ?1.752) 0.014 ?0.019 (0.355 ?0.483) typ 0.004 ?0.010 (0.101 ?0.254) 0.050 (1.270) bsc 1 2 3 4     0.150 ?0.157** (3.810 ?3.988) 8 7 6 5   0.189 ?0.197* (4.801 ?5.004) 0.228 ?0.244 (5.791 ?6.197) dimension does not include mold flash. mold flash  shall not exceed 0.006" (0.152mm) per side dimension does not include interlead flash. interlead  flash shall not exceed 0.010" (0.254mm) per side * ** typical applicatio  s u u package descriptio
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