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		  ha17431 series shunt regulators application note 2nd edition ade-504-004a  ( z )

 cautions 1. hitachi neither warrants nor grants licenses of any rights of hitachi? or any third party? patent, copyright, trademark, or other intellectual property rights for information contained in this document.  hitachi bears no responsibility for problems that may arise with third party? rights, including intellectual property rights, in connection with use of the information contained in this document. 2. products and product specifications may be subject to change without notice. confirm that you have received the latest product standards or specifications before final design, purchase or use. 3. hitachi makes every attempt to ensure that its products are of high quality and reliability. however, contact hitachi? sales office before using the product in an application that demands especially high quality and reliability or where its failure or malfunction may directly threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation, traffic, safety equipment or medical equipment for life support. 4. design your application so that the product is used within the ranges guaranteed by hitachi particularly for maximum rating, operating supply voltage range, heat radiation characteristics, installation conditions and other characteristics.  hitachi bears no responsibility for failure or damage when used beyond the guaranteed ranges.  even within the guaranteed ranges, consider normally foreseeable failure rates or failure modes in semiconductor devices and employ systemic measures such as fail-safes, so that the equipment incorporating hitachi product does not cause bodily injury, fire or other consequential damage due to operation of the hitachi product. 5. this product is not designed to be radiation resistant. 6. no one is permitted to reproduce or duplicate, in any form, the whole or part of this document without written approval from hitachi. 7. contact hitachi? sales office for any questions regarding this document or hitachi semiconductor products.
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 hitachi  1 section 1   outline the ha17431 series is a family of voltage referenced shunt regulators. the main application of these products is in voltage regulators that provide a variable output voltage. the ha17431 series products are provided in a wide range of packages; to-92 and to-92mod insertion mounting packages and mpak-5, upak, and fp-8d surface mounting packages are available. the on-chip high-precision reference voltage source can provide   1% accuracy in the v versions, which have a v ka max of 16 volts. the ha17431vlp, which is provided in the mpak-5 package, is designed for use in switching mode power supplies. it provides a built-in photocoupler bypass resistor for the ps pin, and an error amplifier can be easily constructed on the supply side. 1.1 features   the v versions provide 2.500 v   1% at ta = 25  c   the ha17431vlp includes a photocoupler bypass resistor (2 k w )   the reference voltage has a low temperature coefficient   the mpak-5 and upak miniature packages are optimal for use on high mounting density circuit boards   a wide operating temperature range (e40 to +85  c) is provided by the to-92, to-92mod, and fp-8d package versions a + - ref k ps * 2 k w 2.500 v note:  the ps pin is only provided by the ha17431vlp. figure 1.1   block diagram

 2  hitachi 1.2 selection guide ha17431 item v version a version normal version package temp. range reference voltage accuracy  1% (at 25  c)  2.2%  4% max 2.525 v 2.550 v 2.595 v typ 2.500 v 2.495 v 2.495 v min 2.475 v 2.440 v 2.395 v cathode voltage 16 v max 40 v max 40 v max cathode current 50 ma max 150 ma max 150 ma max wide temperature use ha17431vpj ha17431pnaj to-92 ?0 to +85  c ha17431paj to-92mod ha17431pj to-92mod ha17431fpaj fp-8d ha17431fpj fp-8d industrial use ha17431vlp mpak-5 ?0 to +85  c ha17431vp ha17431pna to-92 ha17431upa upak ha17432upa upak ha17431pa to-92mod ha17431p to-92mod ha17431fpa fp-8d ha17431fp fp-8d commercial use ha17431ua upak ha17432ua upak

 hitachi  3 1.3 pin arrangement by product product name package pin arrangement ha17431pa to-92mod ak r ha17431vp (2.5 v series) ha17431pna to-92 ak r ha17431ua ha17431upa upak ak r ha17432ua ha17432upa upak ar k ha17431vlp (2.5 v series) mpak-5 ak r ps nc ha17431fpa sop-8 r nc a nc k nc nc nc

 4  hitachi section 2   specifications 2.1 absolute maximum ratings  (ta = 25  c) item symbol ha17431vlp ha17431vp ha17431vpj unit notes cathode voltage v ka 16 16 16 v 1 ps term. voltage v ps v ka  to 16   v 1, 2, 3 continuous cathode current i k ?0 to +50 ?0 to +50 ?0 to +50 ma reference input current iref ?.05 to +10 ?.05 to +10 ?.05 to +10 ma power dissipation p t 150* 4 500* 5 500* 5 mw 4, 5 operating temperature range topr ?0 to +85 ?0 to +85 ?0 to +85  c storage temperature tstg ?5 to +150 ?5 to +150 ?5 to +150  c item symbol ha17431p/pa ha17431fp/fpa ha17431ua/upa unit notes cathode voltage v ka 40 40 40 v 1 continuous cathode current i k ?00 to +150 ?00 to +150 ?00 to +150 ma reference input current iref ?.05 to +10 ?.05 to +10 ?.05 to +10 ma power dissipation p t 800* 6 500* 7 800* 8 mw 6, 7, 8 operating temperature range topr ?0 to +85 ?0 to +85 ?0 to +85  c storage temperature tstg ?5 to +150 ?5 to +125 ?5 to +150  c item symbol ha17431pj/paj ha17431fpj/fpaj unit notes cathode voltage v ka 40 40 v 1 continuous cathode current i k ?00 to +150 ?00 to +150 ma reference input current iref ?.05 to +10 ?.05 to +10 ma power dissipation p t 800* 6 500* 7 mw 6, 7 operating temperature range topr ?0 to +85 ?0 to +85  c storage temperature tstg ?5 to +150 ?5 to +125  c

 hitachi  5 item symbol ha17432ua/upa ha17431pna ha17431pnaj unit notes cathode voltage v ka 40 40 40 v 1 continuous cathode current i k ?00 to +150 ?00 to +150 ?00 to +150 ma reference input current iref ?.05 to +10 ?.05 to +10 ?.05 to +10 ma power dissipation p t 800* 6 500* 5 500* 5 mw 5, 6 operating temperature range topr ?0 to +85 ?0 to +85 ?0 to +85  c storage temperature tstg ?5 to +150 ?5 to +150 ?5 to +150  c notes: 1. voltages are referenced to anode. 2. the ps pin is only provided by the ha17431vlp. 3. the ps pin voltage must not fall below the cathode voltage. if the ps pin is not used, the ps pin is recommended to be connected with the cathode. 4. ta    25  c. if ta > 25  c, derate by 1.2 mw/  c. 5. ta    25  c. if ta > 25  c, derate by 4.0 mw/  c. 6. ta    25  c. if ta > 25  c, derate by 6.4 mw/  c. 7. 50 mm    50 mm    t 1.5 mm glass epoxy board, ta    25  c. if ta > 25  c, derate by 5 mw/  c. 8. 15 mm    25 mm    t 0.7 mm alumina ceramic board, ta    25  c. if ta > 25  c, derate by 6.4?w/  c.

 6  hitachi 2.2 electrical characteristics ha17431vlp/vp/vpj  (ta = 25  c, i k  = 10 ma) item symbol min typ max unit test conditions notes reference voltage vref 2.475 2.500 2.525 v v ka  = vref reference voltage temperature deviation vref(dev)  10  mv v ka  = vref ta = ?0  c to +85  c 1 reference voltage temperature coefficient d vref/ d ta   30  ppm/  cv ka  = vref 0  c to 50  c gradient reference voltage regulation d vref/ d v ka  2.0 3.7 mv/v v ka  = vref to 16 v reference input current iref  2 6 m a r1 = 10 k w , r2 =   reference current temperature deviation iref(dev)  0.5  m a r1 = 10 k w , r2 =   ta = ?0  c to +85  c minimum cathode current imin  0.4 1.0 ma v ka  = vref 2 off state cathode current ioff  0.001 1.0 m av ka  = 16 v, vref = 0 v dynamic impedance z ka  0.2 0.5 w v ka  = vref i k  = 1 ma to 50 ma bypass resistance r ps 1.6 2.0 2.4 k w i ps  = 1 ma 3 bypass resistance temperature coefficient d r ps / d ta  +2000  ppm/  ci ps  = 1 ma 0  c to 50  c gradient 3

 hitachi  7 ha17431pj/paj/fpj/fpaj/p/pa/ua/upa/fp/fpa/pna/pnaj, ha17432ua/upa (ta = 25  c, i k  = 10 ma) item symbol min typ max unit test conditions notes reference voltage vref 2.440 2.495 2.550 v v ka  = vref a 2.395 2.495 2.595 normal reference voltage temperature deviation vref(dev)  11 (30) mv v ka  = vref ta = ?0  c to +85  c 1, 4  5 (17) ta = 0  c to +70  c 1, 4 reference voltage d vref/ d v ka  1.4 3.7 mv/v v ka  = vref to 10 v regulation  1 2.2 v ka  = 10 v to 40 v reference input current iref  3.8 6 m a r1 = 10 k w , r2 =   reference current temperature deviation iref(dev)  0.5 (2.5) m a r1 = 10 k w , r2 =   ta = 0  c to 70  c 4 minimum cathode current imin  0.4 1.0 ma v ka  = vref 2 off state cathode current ioff  0.001 1.0 m av ka  = 40 v, vref = 0 v dynamic impedance z ka  0.2 0.5 w v ka  = vref i k  = 1 ma to 100 ma notes: 1. vref(dev) = vref(max) ?vref(min) vref(dev) ta min ta max vref(max) vref(min) 2. imin is given by the cathode current at vref = vref (ik=10ma)  ?15 mv. 3. r ps  is only provided in ha17431vlp. 4. the maximum value is a design value (not measured).

 8  hitachi section 3   characteristics curves ha17431vlp/vp/vpj 2.575 2.550 2.525 2.475 2.450 2.425 - 200 2040608085 ambient temperature  ta (  c) reference voltage  vref (v) ref reference voltage temperature characteristics 1.0 0.5 0 012345 cathode voltage  v k  (v) cathode voltage  v k  (v) cathode current  i k  (ma) cathode current  i k  (ma) cathode current vs. cathode voltage characteristics 1 cathode current vs. cathode voltage characteristics 2 2.500 v k =vref i k =10ma v k =vref k a i k v vref 50 0 - 50 - 50 5 v k =vref

 hitachi  9 100 10 0.1 0.01 100 1k 10k 100k 1m frequency  f (hz) dynamic impedance  z ka  ( w ) ref dynamic impedance vs. frequency characteristics 50 0 100 1k 100k 1m 10m frequency  f (hz) open loop voltage gain  g vol  (db) open loop voltage gain, phase vs. frequency characteristics 1 k a v v k ref k a i k =10ma i o i o  = 2ma p-p z ka = i o v k ( w ) phase delay   ?  (degrees) - 180 0 - 360 10k ? 220 w vo 15k w 8.2k w vi 10 m f - + g = 20log vi vo (db) g vol i k

 10  hitachi ha17431pj/paj/fpj/fpaj/p/pa/ua/upa/fp/fpa oscillation stability vs. load capacitance between anode and cathode cathode current  i k   (ma) 150 100 50 0 0.0001 0.001 0.01 0.1 2.0 1.0 load capacitance  c l   ( m f) stable region oscillation region c l v cc 1.5 open loop voltage gain  g vol   (db) 0 10 20 30 40 50 60 open loop voltage gain, phase vs. frequency characteristics (1) (with no feedback capacitance) frequency  f  (hz) 10 100 1 k 10 k 100 k 180 90 0 phase   f   (degrees) phase   f   (degrees) 8.2 k w 15 k w 220  w gnd vout 10  m f vin f g v i k  = 10 ma open loop voltage gain  g vol   (db) - 4 0 5 8 10 frequency  f  (hz) 10 100 1 k 10 k open loop voltage gain, phase vs. frequency characteristics (2) (when a feedback capacitance (cf) is provided) 360 180 270 50  w gnd 20 v vout + - 2 k 2.4 k w 7.5 k w vin 200  m f cf cf = 0.22  m f cf = 0.022  m f f g u g u i k  = 5 ma

 hitachi  11 reference voltage pin input current iref  ( m a) 0.5 1.0 1.5 2.0 2.5 cathode voltage  v k   (v) 01520 10 52540 35 30 i k  = 10 ma reference voltage pin input current vs. cathode voltage characteristics input/output voltage  v i   (v) 1 2 3 4 5 time  t  ( m s) 0 456 23 1 p.g f = 100 khz pulse response gnd vout 220  w 50  w output (vout) input (p.g) reference voltage  vref  (v) 2.44 2.45 2.46 2.47 2.48 v ka  = vref i k  = 10 ma 2.49 2.50 ambient temperature  ta  (  c) - 200 2040608085 reference voltage temperature characteristics

 12  hitachi cathode current  i k   (ma) cathode voltage  v k   (v) - 10 - 2 123 - 100 - 80 - 60 - 40 - 20 0 20 40 60 80 100 120 150 cathode current vs. cathode voltage characteristics (1) v k  = vref ta = 25  c  cathode current  i k   (ma) cathode voltage  v k   (v) 123 0 0.2 0.4 0.6 0.8 1.0 1.2 cathode current vs. cathode voltage characteristics (2) v ka  = vref ta = 25  c  imin cathode current when off state  ioff  (na) ambient temperature  ta  (  c) - 200 2040608085 0.5 1 1.5 2 cathode current temperature characteristics when off state v ka  = 40 v vref = 0  reference voltage pin input current  iref  ( m a) ambient temperature  ta  (  c) - 200 2040608085 0 0.5 1 1.5 2 2.5 r 1  = 10 k w r 2  =   i k  = 10 ma 3 reference voltage pin input current temperature characteristics

 hitachi  13 section 4   outline dimensions 10 mm 10 mm ha17431vlp 10 mm 4.5    0.1 1.8 max 1.5    0.1 0.44 max 0.44 max 0.48 max 0.53 max 1.5 1.5 3.0 2.5    0.1 4.25 max 0.8 min f 1 0.4 (1.5) (2.5) (0.4) (0.2) 0.16 0  -  0.15 (0.95) (0.95) (0.6) (0.6) 1.1 + 0.2 -  0.1 ha17431ua/upa unit: mm ha17431fp/fpj/fpa/fpaj ha17431vp/vpj 1.9 2.9  0.2  0.4  0.1 0.4  0.1 0.4  0.1 0.4  0.1 2.8  + 0.2 -  0.3 (0.8) 1.6  + 0.2 -  0.1 0.10 0.40    0.06 10 mm 10 mm 0.42    0.08 1.27    0.15 ha17431p/pj/pa/paj 0.10    0.10 2.03 max 4.4 0.75 max 85 14 4.85 5.25 max 0.60 max 0.5    0.1 4.8    0.3 3.8    0.3 5.0    0.2 0.7 2.3 max 12.7 min 0.5 1.27 2.54 0.60 max 0.5    0.1 4.8    0.3 3.8    0.3 8.0    0.5 0.7 2.3 max 10.1 min 0.5 1.27 2.54 0.65    0.1 0.75 max

 14  hitachi section 5   mpak-5 and upak marking patterns the marking patterns shown below are used on mpak-5 and upak products. note that the product code and mark pattern are different. the pattern is laser printed. (b) (2) (c) (4) (1) (a) p 4 ha17431vlp ha17431ua nc ps ref a k (3) (4) (1) (2) (5) band mark band mark ref aa k 4a ha17431upa (3) (4) (1) (2) (5) ref aa k 4b ha17432ua (3) (4) (1) (2) (5) band mark band mark k aa ref k a ref 4c ha17432upa (3) (4) (1) (2) (5) a 4f figure 5.1   mpak-5 and upak marking patterns notes: 1. boxes (1) to (5) in the figures show the position of the letters or numerals, and are not actually marked on the package. 2. the letters (1) and (2) show the product specific mark pattern. product (1) (2) ha17431vlp 4 p ha17431ua 4 a ha17431upa 4 b product (1) (2) ha17432ua 4 c ha17432upa 4 f

 hitachi  15 3. the letter (3) shows the production year code (the last digit of the year) for upak products. 4. the bars (a), (b) and (c) show a production year code for mpak-5 products as shown below. after 2005 the code is repeated every 8 years. year 1997 1998 1999 2000 2001 2002 2003 2004 (a) bar bar bar bar none none none none (b) none none bar bar none none bar bar (c) none bar none bar none bar none bar 5. the letter (4) shows the production month code (see table below). production month jan feb mar apr may jun jul aug sep oct nov dec marked code a b c d e f g h j k l m 6. the letter (5) shows manufacturing code for upak products.

 16  hitachi section 6   ordering information taping specifications must be attached after the product name. the quantity must be a multiple of ordering unit (see table below). ha17431vlp-el  15,000pcs quantity taping code product name ex. table 6.1 taping specifications package taping code packing ordering unit illustration mpak-5 el embossed taping l type in 180  f  reel 3000 pcs 4.0 feed direction 8.0 upak tl embossed taping l type in 180  f  reel 1000 pcs 8.0 12.0 feed direction to-92 to-92mod tz fan-folded taping in 336    262    47 mm 3 box (to-92), fan-folded taping in 330    200    43 mm 3 box (to-92mod) 2500 pcs 12.7 back adhesive tape 18.0 fp-8d el embossed taping l type in 330  f  reel 2500 pcs 8.0 12.0 feed direction

 hitachi  17 section 7   application examples as shown in the figure below, this ic operates as an inverting amplifier, with the ref pin as an input pin. the open-loop voltage gain is given by the reciprocal  of ?eference  voltage deviation by cathode voltage change?in the electrical specifications, and is approximately 50 to 60 db. the ref pin has a high input impedance, with an input current iref of 3.8  m a typ (v version: iref = 2 m a typ). the output impedance of  the output pin k (cathode) is defined as dynamic impedance z ka , and z ka  is low (0.2  w ) over a wide cathode current range. a (anode) is used at the minimum potential, such as ground. k v cc out v ee a ref v z  @   2.5v - + figure 7.1   operation diagram

 18  hitachi 7.1 application hints no. application example description 1 reference voltage generation circuit k r c l vout gnd vin gnd ref a this is the simplest reference voltage circuit. the value of the resistance r is set so that cathode current i k   3  1 ma. output is fixed at vout  @  2.5 v. the external capacitor c l  (c l   3  3.3  m f) is used to prevent oscillation in normal applications. 2 variable output shunt regulator circuit k r c l vout gnd vin gnd a r 1 r 2 ref iref this is circuit 1 above with variable output provided. vout  @  2.5 v   here, (r 1  + r 2 ) r 2 since the reference input current iref  = 3.8  m a typ (v version: iref = 2  m a typ) flows through r 1 , resistance values are chosen to allow the resultant voltage drop to be ignored. 3 single power supply inverting comparator circuit k vout gnd vin gnd a ref v cc r l rin this is an inverting type comparator with an input threshold voltage of approximately 2.5 v. rin is the ref pin protection resistance, with a value of several k w  to several tens of k w . r l  is the load resistance, selected so that the cathode current i k   3  1 ma when vout is low. condition c1 c2 vin less then 2.5 v 2.5 v or more vout v cc  (v oh ) approx. 2 v (v ol ) ic off on

 hitachi  19 no. application example description 4 ac amplifier circuit gnd k vout vin ref a v cc r l r 1 r 2 r 3 cin cf gain g = (dc gain) r 1 r 2  // r 3 cutoff frequency fc = 1 2 p  cf (r 1  // r 2  // r 3 ) this is an ac amplifier with voltage gain g?r 1 / (r 2 //r 3 ). the input is cut by capacitance cin, so that the ref pin is driven by the ac input signal, centered on 2.5 v dc . r 2  also functions as a resistance that determines the dc cathode potential when there is no input, but if the input level is low and there is no risk of vout clipping to v cc , this can be omitted. to change the frequency characteristic, cf should be connected as indicated by the dotted line. 5 switching power supply error amplification circuit + - v + v - r 1 r 2 r 3 r 4 led cf secondary side gnd (note) note: led: r 3 : r 4 : light emitting diode in photocoupler bypass resistor to feed i k (>imin) when led current vanishes led protection resistance this circuit performs control on the secondary side of a transformer, and is often used with a switching power supply that employs a photocoupler for offlining. the output voltage (between v+ and v? is given by the following formula: vout  @  2.5 v   (r 1  + r 2 ) r 2 in this circuit, the gain with respect to the vout error is as follows: g =  r 2 (r 1  + r 2 ) ha17431 open loop gain  photocoupler total gain as stated earlier, the ha17431 open-loop gain is 50 to 60 db. 6 constant voltage regulator circuit gnd v cc r 1 r 2 r 3 cf q vout gnd  this is a 3-pin regulator with a discrete configuration, in which the output voltage vout = 2.5 v   (r 2  + r 3 ) r 3 . r 1  is a bias resistance for supplying the ha17431 cathode current and the output transistor q base current.

 20  hitachi no. application example description 7 discharge type constant current circuit gnd v cc r r s q load 2.5 v + - i l this circuit supplies a constant current of i l   @ [a] 2.5 v r s  into the load. caution is required since the ha17431 cathode current is also superimposed on i l . the requirement in this circuit is that the cathode current must be greater than imin = 1 ma. the i l setting therefore must be on the order of several ma or more. 8 induction type constant current circuit gnd v cc r q load 2.5 v + - i l r s in this circuit, the load is connected on the collector side of transistor q in circuit 7 above. in this case, the load floats from gnd, but the ha17431 cathode current is not superimposed on i l , so that i l  can be kept small (1 ma or less is possible). the constant current value is the same as for circuit 7 above: i l   @ [a] 2.5 v r s

 hitachi  21 7.2 design guide for ac-dc smps (switching mode power supply) 7.2.1 use of shunt regulator in transformer secondary side control this example is applicable to both forward transformers and flyback transformers. a shunt regulator is used on the secondary side as an error amplifier, and feedback to the primary side is provided via a photocoupler. r 1 r 2 r 3 r 4 transformer photocoupler light emitting diode phototransistor output c 1 r 5 ref gnd a k v k i b i f ha17431 v f sbd pwm ic ha17384 ha17385 vref v 0 (+) ( - ) figure 7.2   typical shunt regulator/error amplifier 7.2.2 determination of external constants for the shunt regulator dc characteristic determination:  in figure 7.2, r 1  and r 2  are protection resistor for the light emitting diode in the photocoupler, and r2 is a bypass resistor to feed i k  minimum, and these are determined as shown below. the photocoupler specification should be obtained separately from the manufacturer. using the parameters in figure 7.2, the following formulas are obtained: r 1  = v 0   -  v f   -  v k i f  + i b , r 2  = v f i b v k  is the ha17431 operating voltage, and is set at around 3 v, taking into account a margin for fluctuation. r 2  is the current shunt resistance for the light emitting diode, in which a bias current i b of around 1/5 i f  flows. next, the output voltage can be determined by r 3  and r 4 , and the following formula is obtained: v 0  = r 3  + r 4 r 4   vref, vref = 2.5 v typ

 22  hitachi the absolute values of r 3  and r 4  are determined by the ha17431 reference input current iref and the ac characteristics described in the next section. the iref value is around 3.8  m a typ. (v version: 2  m a typ) ac characteristic determination:  this refers to the determination of the gain frequency characteristic of the shunt regulator as an error amplifier. taking the configuration in figure 7.2, the error amplifier characteristic is as shown in figure 7.3. when r 5  = 0 when r 5     0 g 1 f 1 f ac f 2 g 2 f osc frequency f (hz) gain g (db) * f osc  : pwm switching frequency figure 7.3   ha17431 error amplification characteristic in figure 7.3, the following formulas are obtained: gain g 1  = g 0   ?  50 db (determined by shunt regulator) g 2  = r 5 r 3 corner frequencies f 1  = 1/(2 p  c 1  g 0  r 3 ) f 2  = 1/(2 p  c 1  r 5 ) g 0  is the shunt regulator open-loop gain; this is given by the reciprocal of the reference voltage fluctuation  d vref/ d v ka , and is approximately 50 db.

 hitachi  23 7.2.3 practical example consider the example of a photocoupler, with an internal light emitting diode v f  = 1.05 v and i f  = 2.5 ma, power supply output voltage v 2  = 5 v, and bias resistance r 2  current of approximately 1/5 i f  at 0.5 ma. if the shunt regulator v k  = 3 v, the following values are found. r 1  = 5v  -  1.05v  -  3v 2.5ma + 0.5ma = 317( w ) (330 w  from e24 series) r 2  = 1.05v 0.5ma = 2.1(k w ) (2.2k w  from e24 series) next, assume that r 3  = r 4  = 10 k w .  this gives a 5 v output.  if r 5  = 3.3 k w  and c 1  = 0.022  m f, the following values are found. g 2  = 3.3 k w  / 10 k w  = 0.33 times (?0 db) f 1  = 1/(2     p     0.022  m f    316 times    10 k w ) = 2.3 (hz) f 2  = 1/(2     p     0.022  m f    3.3 k w ) = 2.2 (khz)

 24  hitachi 7.3 circuit example ac-dc smps photocoupler commercial ac 100v rectifier bridge diode line filter 100 m 200v 1000 m 10v r t 10k 220k 1/4w 22 m 50v v in 16.4v 141v 0.1 m 51 1k 4.7k - + b p s 1s2076a dc 5v, 3a output vref v in out gnd comp fb ha17384 ha17385 ha17431 2sk1567 sbd hrp24 cs r t /c t + - + - + - + - 1.8k b 4.7k 1 2w 100p 150k 330p c t 1000p transformer specification example ei-22 type core (h7c18    06z) gap length lg = 0.3mm transformer coil example p: 0.5 f 80t/570 m h s: 0.5 f 16t bifiler/22 m h b: 0.2 f 44t/170 m h 330 3.3 m 2k + - figure 7.4   circuit example ac-dc smps
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 h i tachi,  ltd. semiconductor and integra ted circuits division sales offices url northamerica   :  http:semiconductor.hitachi.com/ europe :  http://www.hitachi-eu.com/hel/ecg asia (singapore) :  http://www.has.hitachi.com.sg/grp3/sicd/index.htm asia (taiwan) :  http://www.hitachi.com.tw/e/product/sicd_frame.htm asia (hongkong) :   http://www.hitachi.com.hk/eng/bo/grp3/index.htm japan :   http://www.hitachi.co.jp/sicd/indx.htm headquarters semiconductor & ic div. nippon bldg., 2-6-2, ohte-machi, chiyoda-ku, tokyo 100-0004, japan tel:  (3)  3270-2111 fax:  (3)  3270-5109 usa headquarters hitachi semiconductor (america) inc. 179  east  tasman drive, san  jose,ca  95134 tel:  (408)  433-1990 fax:  (408)  433-0223 sales offices western hitachi semiconductor (america) inc. 1740 technology drive, suite 500 san jose, ca  95110 tel:  (408)  451-9570 fax:  (408)  451-9859 central hitachi semiconductor (america) inc. two lincoln centre, suite 1446 5420lbj freeway, dallas, tx  75240 tel:  (972)  991-4510 fax:  (972)  991-6151 eastern hitachi semiconductor (america) inc. 25 mall road. burlington, ma  01803 tel:  (781)  229-2150 fax:  (781)  229-6554 southwest hitachi semiconductor (america) inc. 2030 main street, suite 450 irvine, ca  92614 tel:  (714)  553-8500 fax:  (714)  553-8561 mountain pacific hitachi semiconductor (america) inc. 4600 s. ulster street,suite 690 denver, co  80237 tel:  (303)  779-5535 fax:  (303)  779-5207 bloomington hitachi semiconductor (america) inc. 3800 west 80th street, suite 1550 bloomington, mn  55431 tel:   (612)  896-3444 fax:   (612)  896-3443 great lakes hitachi semiconductor (america) inc. fairlane plaza north, suite 311 290 town center drive, dearborn, mi 48126 tel:   (313)  271-4410 fax:   (313)  271-5707 central hitachi semiconductor (america) inc. 500 park boulevard, suite 415 itasca, il 60143 tel:  (630)  773-4864 fax:  (630)  773-9006 south central hitachi semiconductor (america) inc. one westchase center 10777 westheimer road  suite 1040 houston, tx  77042 tel:  (713)  974-0534 fax:  (713)  974-0587 mid-atlantic hitachi semiconductor (america) inc. 325 columbia turnpike, suite 203 florham park, nj  07932 tel:  (973)  514-2100 fax:  (973)  514-2020 southeast hitachi semiconductor (america) inc. 4901 n.w.17th way, suite 302 fort lauderdale, fl 33309 tel:  (954)  491-6154 fax:  (954)  771-7217 canada ottawa hitachi (canadian) ltd. 320 march road, suite 602 kanata, ontario k2k2e3 tel:  (613)  591-1990 fax:  (613)  591-1994 toronto hitachi (canadian) ltd. 6740 campobello road mississauga, ontario l5n 2l8 tel:  (905)  826-1363 fax:  (905)  826-8818 calgary hitachi (canadian) ltd. 10655 southport road s.w, suite 460 calgary, alberta  t2w4y1 tel:  (403)  278-1881 fax:  (403)  278-1810

 europe (continental europe) headquarters hitachi europe gmbh electronic components group dornacher stra? 3 d-85622 feldkirchen, munich germany tel:  (89)  9  9180-0 fax:  (89)  9  29  30  00 sales offices north germany/benelux hitachi europe gmbh am seestem 18; d-40547 d?sseldorf postfach 11 05 36; d-40505 d?sseldorf tel:  (211)  52  83-0 fax:  (211)  52  83-779 central germany hitachi europe gmbh friedrich-list-stra? 42 d-70771 leinfelden-echterdingen tel:  (711)  99085-5 fax:  (711)  99085-75 south germany/austria/switzerland hitachi europe gmbh dornacher stra? 3 d-85622 feldkirchen germany tel:  (89)  9  91 80-0 fax:  (89)  9  91 80-266 italy hitachi europe gmbh via tommaso gulli 39; i-20147 milano tel:  (2)  48 78  61 fax:  (2)  48 78  63  91 via f. d'ovidio 97; i-00137 roma tel:  (6)  82  00  18  24 fax:  (6)  82  00  18  25 spain hitachi europe gmbh c/buganvilla, 5; e-28036 madrid tel:  (91)  7  67  27  82 fax:  (91)  3  83  85  11 europe (northern europe) headquarters hitachi europe ltd. electronic components group. whitebrook park lower cookham road maidenhead berkshire  sl6 8ya, united kingdom tel:  (1628)  585000 fax:  (1628)  778322 sales offices sweden hitachi europe ltd. haukadalsgatan 10 box 1062, s-164 21 kista, stockholm tel:   (8)  751-0035 fax:   (8)  751-5073 france hitachi europe (france) s.a. 18 rue grange dame rose; b.p. 134 f-78148 velizy cedex tel:  (1)  34  63  05  00 fax:  (1)  34  65   34  31 asia headquarters hitachi asia ltd. 16 collyer quay #20-00 hitachi tower singapore  049318 tel:  (535)  2100  (538)  6533 fax:  (535)  1533  (538)  6933 sales offices taiwan hitachi asia ltd. taipei branch office 3f, hung kuo building. no.167, tun-hwa north road, taipei (105) tel:  (2)  2718-3666 fax:  (2)  2718-8180 malaysia hitachi asia (malaysia) sdn. bhd. suite 17.3 level 17, menara imc (letter box no.5 menara imc) no.8 jalan sultan ismail 50250 kuala lumpur tel:  (3)  201-8751 fax:  (3)  201-8757 thailand hitachi asia (thailand) co., ltd. 18th floor ramaland bldg. 952 rama iv road, bangrak, bangkok 10500 tel:  (2)  632-9292 fax:  (2)  632-9299 asia  (hong kong) headquarters hitachi asia (hong kong) ltd. group  iii (electronic  components) 7/f., north tower, world finance centre, harbour city, canton road, tsim sha tsui, kowloon, hong kong tel:  (2)  735  9218 fax:  (2)  730  0281 telex:   40815 hitec hx sales offices korea hitachi asia  (hong kong)  ltd. seoul branch office 18 /f., hanil group bldg. 191, 2-ka, hangang?o, yongsan-ku, seoul tel:   (2)  796  3115 fax:  (2)  796  2145  telex:   k28863 hitec sl china hitachi asia  (hong kong)  ltd. beijing office room no.1412, beijing fortune bldg. 5 dong san huan, bei lu chaoyang district, beijing 100004 tel:  (10)  6590  8852 fax:  (10)  6590  8850  telex:   210509 htcbj cn hitachi asia   (hongkong)  ltd. shanghai  office suite 315, level 3 west podium, shanghai centre,  1376  nanjing xi lu, shanghai, 200040 tel:  (21)  6279  8351/8361/8365 fax:  (21)  6279  8275 hitachi asia (hongkong)  ltd. guangzhou  office room  3406-07, 34/f.,  office tower, citic  plaza, no.233 tianhe bei  road guangzhou,  510620 tel:  (20)  8755  3748 fax:  (20)  8750  8835
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