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TYPICAL APPLICATION
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Figure 1. High Efficiency Dual 5V/3V Step-Down Converter
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LTC1438/LTC1439
ABSOLUTE MAXIMUM RATINGS

Input Supply Voltage (Vi) -eceereeerereenn 36Vto-0.3V  AUXON, PLLIN, SFB1,

Topside Driver Voltage (BOOST 1, 2) ...... 42Vt0-0.3V  RUN/SS1, RUN/SS2, LBI Voltages ......... 10V to -0.3V
Switch Voltage (SW1, 2)......ccceevnnne. ViN+5Vto-5V  Peak Output Current < 10ps (TGL1, 2, BGL, 2)......... 2A
EXTVee Voltage.....coovevevecvccicccce, 10V to -0.3V Peak Output Current < 10us (TGSL, 2) .............. 250mA
POR2, LBO VoItages .......cccocevvrveervrennns 12Vto-0.3V INTVcc Output Current ......cceeveeeiveicece e 50mA
AUXFB VOIage ...ocvevvveeccicceeee, 20Vto-0.3V  Operating Ambient Temperature Range

AUXDR VOltage ......ccoovvrvrerrereiririsieienennn, 28V to -0.3V LTC1438C/LTCL439C ... 0°Cto 70°C
SENSE* 1, SENSE* 2, SENSE™ 1, SENSE™ 2, LTC1438I/LTCL439 ....ovvverereien -40°C to 85°C
Vosense? Voltages ..., INTVce +0.3Vto-0.3V  Junction Temperature (NOte 1) .......cccceovvrvvrrnnnnn 125°C
Vproag1, VProg? Voltages ................... INTVec to—0.3V  Storage Temperature Range ................ —-65°C to 150°C
PLL LPF, ltn1, ltH2 Voltages................. 2.7Vto-0.3V  Lead Temperature (Soldering, 10 SeC)................. 300°C

PACKAGE/ORDER INFORMATION

ORDER TOP VIEW ORDER
PART NUMBER rRUNIsst [1] 36] PLLLPF PART NUMBER
TOP VIEW SENSE* 1 [2] [35] PLLIN
SENSE*1 [1] 28] RUN/SS1 LTC1438CG SENSE™1 [3] [34] BoOST 1 LTC1439CGW
SENSE™1 [2] 27] BOOST 1 LTC1438IG Veroot [4] 3] ToL1 LTC1439I1GW
Veroc1 [3] 26] T6L1 LTC1438XCG . [5] 32] sw1
. [4] 25] sw1 Por2 [6] 31] Tes1
*por2 [ 5| [24] Vi Cosc L7 [30] Vi
Cosc [6 23] Bo1 senD [8] 29] BC1
SGND [7] [22] INTVGe el [9] 28] INTVc
el [8] [21] PGND L8o [10] 27] PoND
Leo [9] 20] BG2 srB1 [11] 26] BG2
sFa1 [10 19] EXTVCc I [22] [25] EXTVce
e [11] 18] Sw2 Verocz [13 24] TGS2
Vosensez [12 17] ToL2 Vosensez [14) 23] sw2
SENSE™2 [13] [16] BOOST 2 sense~2 [ 2] o1
SENSE* 2 [14] [15] RUN/SS2 SENSE* 2 [16] [21] BoOST 2
G PACKAGE RUN/SS2 [17] [20] AUXON
28-LEAD PLASTIC SSOP AUXDR [18) [19] AUXFB
*NC ON THE LTC1438XCG
Towax = 125°C, By = 95°CIW 36-LEAD PLASTIG S50P
Tomax = 125°C, 85 = 85°C/W

Consult factory for Military grade parts.
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LTC1438/LTC1439

ELECTR'CAL CHARACTERISTICS Ta=25°C, Viy=15V, Vrunssst,2 = 5V unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX | UNITS
Main Control Loops
IinVosensez | Feedback Current Vprog1, Verog2 Pins Open (Note 2) 10 50 nA
Vout1,2 Regulated Output Voltage (Note 2)
1.19V (Adjustable) Selected Vproc1, Verog2 Pins Open o | 1178 1.19 1.202 \Y
3.3V Selected VPROGl, Vprog2 = OV . 3.220 3.30 3.380 v
5V Selected Vproc1, Vpros2 = INT Vi 4.900 5.00 5.100 v
Vinerec12 | Reference Voltage Line Regulation Vin = 3.6V to 20V (Note 2), Vprog1,2 Pins Open 0.002 0.01 %IV
Vioaprec1,2 | Output Voltage Load Regulation Ith1 2 Sinking 5pA (Note 2) . 0.5 0.8 %
ItH1 2 Sourcing SpA . -05 -0.8 %
Vsep1 Secondary Feedback Threshold Vg1 Ramping Negative . 1.16 1.19 1.22 \Y
Iseg1 Secondary Feedback Current Vg1 = 1.5V -1 -2 LA
VowL Output Overvoltage Lockout VpRroo1,2 Pin Open, SENSE ™ 1 and Vosensg2 Pins 1.24 1.28 1.32 \Y
lPrROG1,2 VproG1,2 Input Current 0.5V > VproG1,2 -3 -6 A
INTV¢e — 0.5V < Vprogi.2 < INTV¢c 3 6 PA
g Input DC Supply Current EXTVcc =5V (Note 3)
Normal Mode 3.6V < Vy <30V, Vayxon = 0V 320 HA
Shutdown VRun/ss1,2 = 0V, 3.6V < V|y< 15V 16 30 LA
VRUN/SS1,2 Run Pin Threshold . 0.8 1.3 2 v
IRUN/SS1,2 Soft Start Current Source VRunsss1,2 = 0V 15 3 45 LA
AVsense(max) | Maximum Current Sense Threshold Vosense1,2 = 0V, 5V Vprog1,2 = Pins Open 130 150 180 mvV
TGLL, 2 t,, t¢ | TGL1, TGL2 Transition Time
Rise Time CrLoap = 3000pF 50 150 ns
Fall Time CrLoap = 3000pF 50 150 ns
TGS, 2 t,, tf | TGS1, TGS2 Transition Time
Rise Time Croap = 500pF 100 150 ns
Fall Time CrLoap = 500pF 50 150 ns
BG1, 2t t; | BG1, BG2 Transition Time
Rise Time CrLoap = 3000pF 50 150 ns
Fall Time CLoap = 3000pF 50 150 ns
Internal V¢ Regulator
ViNTVCe Internal V¢ Voltage 6V < Vy <30V, Vexrvee = 4V . 48 5.0 5.2 v
VLDO INT |NTVCC Load Regulation IlNTVCC =20mA, VEXTVCC =4V -0.2 -1 %
Vi po EXT EXTV¢c Voltage Drop linTvee = 20mA, Vextyee =5V 170 300 mV
VexTvee EXTVcc Switchover Voltage linTvee = 20mA, EXTV¢c Ramping Positive . 4.5 4.7 v
Oscillator and Phase-Locked Loop
fosc Oscillator Frequency Cosc = 100pF, LTC1439: PLL LPF = 0V (Note 4) 112 125 138 kHz
VCO High LTC1439, Vp|_|_|_p|: =24V 200 240 kHz
RpLLIN PLLIN Input Resistance 50 kQ
IpLLLPF Phase Detector Output Current LTC1439
Sinking Capability foLun < fosc 10 15 20 LA
Sourcing Capability foLun> fosc 10 15 20 LA
Power-On Reset
VSATPORZ POR2 Saturation Voltage IPORZ =1.6mA, VOSENSEZ =1V, 0.6 1 Vv
Vprog2 Pin Open
lLPORZ POR2 Leakage VPORZ =12V, VOSENSEZ =1.2V, VPROGZ Pin Open 0.2 1 LIA
VI THPOR2 POR2 Trip Voltage Vprog2 Pin Open % of Vyer
Vosense2 Ramping Negative -11 -75 -4 %
tpPOR2 POR2 Delay Vprog2 Pin Open 65536 Cycles
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LTC1438/LTC1439
ELECTR'CAL CHARACTERISTICS Ta=25°C, Viy=15V, Vrunssst,2 = 5V unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX | UNITS
Low-Battery Comparator
VsaTLBO LBO Saturation Voltage lLgo = 1.6mA, Vg = 1.1V 0.6 1 Vv
ILLBO LBO Leakage VLBO =12V, VLBI =1.4V . 0.01 1 LIA
VITHLBL LBI Trip Voltage High to Low Transition on LBO . 1.16 1.19 1.22 \Y
lINLBL LBI Input Current Vg =1.19V . 1 50 nA
VHysLBo LBO Hysteresis 20 mvV
Auxiliary Regulator/Comparator
|AUXDR AUXDR Current Vextvee = 0V
Max Current Sinking Capability Vauxor = 4V, Vauxes = 1.0V, Vayxon = 5V 10 15 mA
Control Current Vauxor = 5V, Vauxes = 1.5V, Vayxon = 5V 1 5 A
Leakage when OFF VAUXDR =24V, VAUXFB =1.5V, VAUXON =0V 0.01 1 pA
lINAUXFB AUXFB Input Current Vauxes = 1.19V, Vayxon = 5V 0.01 1 A
lINAUXON AUXON Input Current Vauxon = 5V 0.01 1 LA
VTHAUXON AUXON Trip Voltage Vauxor = 4V, Vauxes = 1V 1.0 1.19 14 Vv
VSATAUXDR AUXDR Saturation Voltage IAUXDR =1.6mA, VAUXFB =1V, VAUXON =5V 0.4 0.8 Vv
VaUXEB AUXFB Voltage Vauxon = 5V, 11V < Vayxpr < 24V (Note 5) o 115 12.0 125 \Y
Vauxon = 5V, 3V < Vauxpr < 7V o 1.14 1.19 1.24 \Y
VI THAUXDR AUXFB Divider Disconnect Voltage Vauxon = 5V (Note 5); Ramping Negative 7.5 8.5 9.5 v
The e denotes specifications which apply over the full operating Note 3: Dynamic supply current is higher due to the gate charge being
temperature range. delivered at the switching frequency. See Applications Information.
Note 1: Ty is calculated from the ambient temperature T and power Note 4: Oscillator frequency is tested by measuring the Cogc charge and
dissipation Pp according to the following formulas: discharge current (Ipsc) and applying the formula:
LTC1438CG: Ty=Tp + (Pp)(95°C/W) fosc (kHz) = 8.4(10%)[Cosc (PF) + 1117 (Wleng + lpise)
LTC1439CGW: Ty = Tp + (Pp)(85°C/W) Note 5: The auxiliary regulator is tested in a feedback loop which servos
Note 2: The LTC1438 and LTC1439 are tested in a feedback loop which Vauxrs to the balance point for the error amplifier. For applications with
servos Vosense1, 2 to the balance point for the error amplifier Vauxor > 9.5V, Vauxeg uses an internal resistive divider. See Applications
(ViTH1,2 = 1.19V). Information section.
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LTC1438/LTC1439

TYPICAL PERFORMANCE CHARACTERISTICS
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VOUT =3.3V
100 ;
VOUT:3.3V
95
lLoap = 1A
\\
g % \ \\
& 8 N
o NOAD:lOOmA
o g \\
\
75
70
0 5 10 15 20 25 30
INPUT VOLTAGE (V)
1438 GO1
VN — Vout Dropout Voltage
vs Load Current
05 \ \
Rsense = 0.033Q
Vout DROP OF 5%
0.4
2 03 //
5
> /
| /
=z 0.2 7~
> /
0.1 //
0
0 05 10 15 20 25 30
LOAD CURRENT (A)
1438 G04
Input Supply Current
vs Input Voltage
25 35
/ 30
2.0
2 / SHUTDOWN / i
E CURRENT
= |7 pd
i 15 v = 20
o
3 \ / 415
> 10 //
Q.
8 5V AND 5VOFF | 1o
o = | 3.3V ON 3.3VON
05
v \ \ ] 5
5V ON
3.3V OFF
0 0
0 5 10 15 20 25 30

INPUT VOLTAGE (V)

1438 GO7

Efficiency vs Input Voltage

Vour =5V
100 T
,N VOUT:5V
95 ~
N Lo =14
= 9 S~
g ILOAD:100mA \
Z 85
S
E
wg8o
75
70
0 5 10 15 20 25 30
INPUT VOLTAGE (V)
1438 G02
Load Regulation
0 ‘ ‘
RSENSE =0.033Q
-0.25 \\
-0.50 \\
S \
5-075 N
37 ~
3 \
-1.00
-1.25
-1.50
0 0.5 1.0 15 2.0 25 3.0
LOAD CURRENT (A)
1438 G05
INTV¢c Regulation
vs INTV¢c Load Current
2 —_—
EXTVee =0V
s
o
(é) § 1 \“\
g £ [ T——_]_70°C
: 3 T\\
=2 = —_
g uw 0T —
S ¢ e Y
8 3 25°C
= (&)
s ¥
E % 4
~ o
>
=
z
-2
0 10 20 30 40 50

INTVcc LOAD CURRENT (mA)

1438 G08

Burst Mode is a trademark of Linear Technology Corporation.

EFFICIENCY (%)

VitH (V)

EXTVce = INTVce (mV)

3.0

25

2.0

15

1.0

0.5

Efficiency vs Load Current

VIN= 1oV
I Vour =5V —~
| Rsense = 0.33Q /W-
/ // / CONTINUOUS |
/’ 7 MODE
/ |
/ / 1> Burst Mode®
y/ / OPERATION
/ / / Adaptive Power
/ / / MODE ]
[/ l
001 0.01 0.1 1 10
LOAD CURRENT (A)
1435 G03
Vit Pin Voltage vs Output Current
/T
/1
A
L/
Burst Mode
OPERATION CONTINUOUS/Adaptive
"/ Power MODE —

0
0 10 20 30 40 50 60 70 80 90 100

300

200

100

OUTPUT CURRENT (%)

1438 GO6

EXTV¢c Switch Drop
vs INTV¢c Load Current

//
_
/a4
| A
/o
-
L~
0 5 10 15 20 25 30

INTVcc LOAD CURRENT (mA)

1438 G09

LY N

4-263



LTC1438/LTC1439

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1438/LTC1439

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1438/LTC1439
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LTC1438/LTC1439
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5V, 3A/3.3V, 3.5A

M1 TO M4: Si4412DY
INPUT CAPACITORS ARE AVX-TPS SERIES
OUTPUT CAPACITORS ARE AVX-TPSV LEVEL Il SERIES

4-283



LTC1438/LTC1439
TYPICAL APPLICATIONS

LTC1439 High Efficiency Low Noise 5V/3A, 3.3V/3.5A and 12V/200mA Regulator

ViN
6V TO 28V
Cip
Rip 0.01uF
Al,,oﬂk |1 EXT
; Css1 I CLOCK |
ApF
i 1 SAvAEE"
RUN/SS1  PLL LPF i MBRS1100T3
11" 1000pF Uit 35V [ _
[l —2 + 5 x2 P
4 SENSE*1  PLLIN 0.14F +
Caa 1000pF = 3 34 I = 1% 3.3pF
220pF SENSE™1 BOOST 1 | 100H 25V o~
| Cer 4 33 1=
l 1000pF INTVee = VPRoG1 TGL1 |t
| 5 32 ~Y Voutt
| I S . v 5V/3A
Rc1 POR2 6 31 1= RsensE1
10k Cosc —— v pore TGS1 { M3 0.03Q
| I 56pF 100k 7 LTC1439 30 <
C vy — <5 D2 + OUTL
| 0SC IN ) 1000
8 29 M owpshs | o1 —— 100u
SfED BGL | M2 MBRS140T3 lov
9 | o | %2
110k, 1% 9 28 +] [ ATHF 16V
—W\—¢ LBI INTVce l -
100pF 390k, 1% LBO 10 27 ]
< —— w4 150 PGND L . —
C2A Ccp 100k 11 26 Y e ; 0UT2
'_l = 1000pF 15 BG2 I"' MS I\D/IaBRSl4OT3 =100
Rc | 12 25 W D4 H +| ovx2 Vout2
10k ¢ I ITHz EXTVec — <~ CMDsH-3 L2 33V
—————— 13 24 | ) 10K 35A
VpRoG2 TGS2 11 M6 SRsense2
1 14 23 . S003Q | ¢
’_l | VoseNsE2 Sw2 b e S'ZNZF
15 _ 22 1=* H
0.1pF . 4 SENSE™2  TGL2 |-<- M4 n 35v
1000pF —— 16 . 21 | |—1 x 2
$ SENSE*2 BOOST 2 | * .
I 17 20 0.1pF |
11 RUN/SS2  AUXON Vouti
18 19 AUX ON/OFF 47k
Css2 AUXDR AUXFB .T&
e |_ MMBT 1%
2907
Vourz2
12V
+| 200mA AR5
4.7uF 90.9k
25V T 1%

1438 TAO2

* T1 = DALE LPE-6562-A262 GAPPED E-CORE
BH ELECTRONICS 501-0657 GAPPED TOROID
M1, M2, M4, M5 = IRF7403
M3, M6 = IRLML2803
L2 = SUMIDA CDRH125-100MC
ALL INPUT OUTPUT CAPACITORS ARE AVX-TPS SERIES
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LTC1438/LTC1439

TYPICAL APPLICATIONS
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LTC1438/LTC1439

TYPICAL APPLICATIONS
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LTC1438/LTC1439
PCB LAYO UT AﬂD Fl LN\ (Gerber files for this circuit board are available. Call the LTC factory.)

OFF-ON 12 3 " 5 1 e .
[ — -
=]
L2 O0000 OO0 3.3
B T o~ 33V E85
20V1A VN PGND  PGND  PGND 3.3V 3A  PGND Py~ e B
C S 29 3apEAK 5.2-28v 358 [Py
L<E » L2 £7F R EEL
o g s RS 28s s i w 8
g . £°% — 85
a s T— ¢t = 1 Ij —=F
L. [ POND M 1
{0 B2 3 —H I 63
SIRNBE o ] cté "0 [l w0 U S8%
29VRUN = o5 58 ] Bal®l A w LRT
wo  TeEEt oo VO 03 I 0 r'E8
&5z T/ o | o] ol —>
W B333s 2 i . w28
bR EEES el s EEEE| 2L % 2328
SR [ " ] wn s
M L c29 Slg 9 g" 2 “s2
PGND o S |, 5V 3A |:| 25
SR 5§ I_'I | | | I 2
SoND < S [ ] R10 " ™ >
— n EoEEoEg 22 2
PGND EoEsxcd ga
Silkscreen Top Silkscreen Bottom
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Copper Layer 2 Ground Plane
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Copper Layer 3 Copper Layer 4
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LTC1438/LTC1439

TYPICAL APPLICATION

3.3V 10 2.9V at 3A Low Noise Linear Regulator

— 3.3V
ZETEX
FZT849
(SURFACE MOUNT)
b 20v
AUXDR I
LTC1439 +
AUXFB L 330pF
2.9V x2
ON/OFF | AUXON
PART NUMBER DESCRIPTION COMMENTS
LTC1142/LTC1142HV | Dual High Efficiency Synchronous Step-Down Switching Regulators Dual Synchronous, Vi < 20V
LTC1148/LTC1148HV  |High Efficiency Step-Down Switching Regulator Controllers Synchronous, Vi < 20V
LTC1159 High Efficiency Step-Down Switching Regulator Controller Synchronous, V| < 40V, For Logic Threshold FETs
LT®1375/LT1376 1.5A, 500kHz Step-Down Switching Regulators High Frequency, Small Inductor, High Efficiency
Switchers, 1.5A Switch
LTC1430 High Power Step-Down Switching Regulator Controller High Efficiency 5V to 3.3V Conversion at Up to 15A
LTC1435 Single High Efficiency Low Noise Switching Regulator Controller 16-Pin Narrow SO and SSOP Packages

LTC1436/LTC1436-PLL/
LTC1437

High Efficiency Low Noise Synchronous Step-Down
Switching Regulator Controllers

Full-Featured Single Controller

LT1510 Constant-Voltage/Constant-Current Battery Charger 1.3A, Li-lon, NiCd, NiMH, Pb-Acid Charger
LTC1538-AUX Dual, Synchronous Controller with AUX Regulator 5V Standby in Shutdown
LTC1539 Dual High Efficiency, Low Noise, Synchronous Step-Down 5V Standby in Shutdown

Switching Regulator Controller
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