E SENMITECH

SC2447
Dual-Phase, Single or Dual Output

Synchronous Step-Down Controller

POWER MANAGEMENT

The SC2447 is a versatile high-frequency dual phase PWM
step-down controller optimized for Philips and Renesas
DrMOS™. Both phases are capable of sourcing or sink-
ing load currents, making the SC2447 suitable for net-
working system power and DDR applications.

The SC2447 employs fixed frequency, continuous-con-
duction peak current-mode control for easy compensa-
tion and fast transient response.

The SC2447 can be used to generate two independent
outputs (up to 30A per output) or a single 60A output
with shared phase current. The PWM signals are 180°
out of phase to minimize input/output ripple.

Either inductor DC resistance or precision sense resistor
can be used for current-mode control. Inductor DC resis-
tance sensing has the advantage of being lossless.

Each phase has individual closed-loop soft-start and over-
load shutdown timer. The SC2447 powers up neatly with
pre-biased output. It has tri-state shutdown and hiccup
overload protection. In two-phase single-output configu-
ration, the master timer controls the soft-start and over-
load shutdown functions. The SC2447 is in a lead-free,
WEEE and RoHS compliant, TSSOP-28 package.

Typical Application Circuit

Features

+ 2-Phase Step-down Controller optimized for Philips

or Renesas DrMOS™

Out of Phase Operation for Low Input Current Ripple

Outputs Source and Sink Current

Fixed Frequency Peak Current-Mode Control

Lossless Inductor DCR Current Sensing

Optional Resistor Current-Sensing for Precise Cur-

rent-Limit

+ Dual 30A Outputs or 2-Phase 60A Single Output
Operation

+ Wide Input Voltage Range: 4.65V to 15V

+ Individual Closed-Loop Soft-Start, Overload Shut-

down Timer and Enable

Output Voltage as Low as 0.5V

Starts into Pre-Bias Output

Tri-State PWM Output during Shutdown

Programmable Frequency Up to 1MHz Per Phase

External Synchronization

TSSOP-28 Lead-free Package. Fully WEEE and RoHS

Compliant

Applications

Telecommunication Power Supplies
DDR Memory Power Supplies
Graphic Power Supplies

Servers and Base Stations
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Pin Configurations Ordering Information

CS1+
CS1-
ROSC
IN1-
COMP1
SYNC
AGND
REF
REFOUT
REFIN
COMP2
IN2-
CS2-
CS2+

TOP VIEW
1 28
2 27
3 26
4 25
5 24
6 23
7 22
8 21
9 20
10 19
11 18
12 17
13 16
14 15

(28 Pin TSSOP)
8,,= 84°C/W; 6,= 13°C/W.

Figure 2

SS1/EN1
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GDH1
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NC
AvVCC
SS2/EN2

Absolute Maximum Rating

Device Top Mark Package
SC2447TSTRTW® SC2447 TSSOP-28
SC2447EVB Evaluation Board

Notes:

(1) Only available in tape and reel packaging. A reel contains 2500 devices
for TSSOP package.

(2) Lead free product. This product is fully WEEE and RoHS compliant.

Exceeding the specifications below may result in permanent damage to the device, or device malfunction. Operation outside of the parameters specified
in the Electrical Characteristics section is not implied. Exposure to Absolute Maximum rated conditions for extended periods of time may affect device

reliability.

Parameter Symbol Maximum Ratings Units
Supply Voltage AvVCC -0.3t0 16 \%
Gate Outputs GDH1, GDH2, GDL1, GDL2 voltages Veom Yeorz Voot YeoLs -0.3t06 V
IN1-, IN2- Voltages Vi Ve -0.3 to AVCC+0.3 V
REF_, Voltages Veer Veaerour -0.3t0 6 \
REF, REF Voltage Vieeen -0.3to AVCC+0.3 V
COMP1, COMP2 Voltages Veompr Y compz -0.3to AVCC+0.3 V
CS1+, CS1-, CS2+ and CS2- Voltages Vs Vesi-Vesar Veso. -0.3 to AVCC+0.3 \
SYNC Voltage Vene -0.3 10 AVCC+0.3 \
SS1/EN1 AND SS2/EN2 Voltages Veer Vo 03106 Vv
Storage Temperature Range Tore -60 to 150 °C
Lead Temperature (Soldering) 10 sec LIS 260 °C
Junction Temperature T, 150 °C
ESD Rating (Human Body Model) ESD 2 kv

© 2006 Semtech Corp.
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POWER MANAGEMENT

Recommended Operating Conditions

The performance is not guarantied if exceeding the specifications below.

Parameter Symbol Conditions Min Typ Max Units
AVCC Operating Voltage AvVCC 4.65 15 \%
Ambient temperature Range T, -40 85 °C
Junction Temperature Range T, -40 125 °C

Electrical Characteristics

Unless specified: AVCC = 12V, SYNC =0, ROSC = 51.1kQ, -40°C < TA = TJ < 125°C

Parameter Symbol Conditions Min Typ Max Units

Undervoltage Lockout

AVCC Start Threshold AVCC_, AVCC Increasing 4.50 4.65 \%
AVCC Start Hysteresis AVCC,, .. 0.2 \%
AVCC Operating Current lec AVCC= 12V 8 15 mA
AVCC Quiescent Current in UVLO AVCC = AvVCC,  -0.2V 25 mA

Channel 1 Error Amplifier

Input Common-Mode Voltage Range® 0 3 Y,
Inverting Input Voltage Range® 0 AVCC Vv
Input Offset Voltage 0~70°C +1 +3 mV
Non-Inverting Input Bias Current ber -100 -250 nA
Inverting Input Bias Current e -100 -250 nA
Amplifier Transconductance G 170 pQ-!
Amplifier Open-Loop Gain Ay, 65 dB
Amplifier Unity Gain Bandwidth® 5 MHz
V =V_, =0

csi+ Ccsl- 1.7 \V/

Minimum COMP1 Switching Threshold V., Increasing

Amplifier Output Sink Current V. =1V, V =25V 11 UA

COMP1

Amplifier Output Source Current V=0,V 2.5V 8.5 HA

comP1 —

Channel 2 Error Amplifier

Input Common-mode Voltage Range® 0 3 Y,
Inverting Input Voltage Range® 0 AVCC Vv
Input Offset Voltage 0~70°C +1 +3 mV

© 2006 Semtech Corp. 3 www.semtech.com
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POWER MANAGEMENT

Electrical Characteristics (Cont.)

Unless specified: AVCC = 12V, SYNC = 0, R .. = 51.1kQ, -40°C < T, =T < 125°C

Parameter Symbol Conditions Min Typ Max Units

Non-inverting Input Bias Current leen -100 -250 nA

Inverting Input Bias Current o -150 -380 nA

Inverting Input Voltage for 2-Phase Single 25 v

Output Operation '

Amplifier Transconductance G,, 170 uQ!

Amplifier Open-Loop Gain ag, 65 dB

Amplifier Unity Gain Bandwidth® 5 MHz

Minimum COMP2 Switching Threshold Vesar = Vesp. =0 1.7 \Y

V,,, Increasing ’

Amplifier Output Sink Current Veowps = 2.5V 11 LA

Amplifier Output Source Current Veowrs = 2-5V 8.5 LA

Oscillator

Channel Frequency fors fore 0~70°C 450 500 550 kHz

Synchronizing Frequency® 2.1f, kHz

SYNC Input High Voltage 15 Vv

SYNC Input Low Voltage 0.5 \%

V.,..=02V 1
SYNC Input Current lsvne \ZNYZC — oV 50 HA
Channel Maximum Duty Cycle BMAXL 88 %
MAX2

Channel Minimum Duty Cycle Dune. Pune 0 %

Current-limit Comparators

Input Common-Mode Range 0 AVCC - 1.5 V

_ V. V.., =V.., =05V,

Cycle-by-cycle Peak Current Limit 'ILL'I““:; Sourgisr%g M0052e' 0~ 70°C 42.5 50 575 mV

Positive Current-Sense Input Bias Current | |, | Vesie = Vs =0 -0.7 -2 LA
CS1+, CS2+ cso. :Vcsz- =0 ’

Negative Current-Sense Input Bias Ve, =V 0 i i

Current kst ks sz; :szi 0 0.7 2 HA

PWM Outputs

Peak Source Current thl’ gDLZ AVCC = 12V 10 mA
DH1’ DH2

Peak Sink Current gDLl’ gDLZ AVCC =12V 8 mA
DH1’ DH2

© 2006 Semtech Corp.

www.semtech.com



-~
!‘ SEMTECH

Electrical Characteristics (Cont.)

Unless specified: AVCC = 12V, SYNC = 0O, Roﬁ.C = 51.1kQ, -40°C < T,=T< 125°C

SC2447

POWER MANAGEMENT

Parameter Symbol Conditions Min | Typ Max Units
Output High Voltage Source |, =1.2mA, 0 ~70°C 4.1 5 \%
Output Low Voltage Sink I, = 1mA 0 0.4 \%
Maximum Tri-State Leakage S

Current GDH in High Impedance State 2 UA
Propagation delay time from

current sense inputs to PWM Toipwm T,=25°C 85 ns
output®

Soft-Start, Overload Hiccup and Enable

Soft-Start Charging Current lss1 lss2 Vo, = Voo, = 1.5V 9.5 HA
Overload Hiccup Enabling ,

Voltage Vg, and V., Increasing 3.2 \%

VINl-: O'SYREF’VINz-: O'5\/REFIN ! 37 MA

Soft-Start Discharging Current | I, .o Vesi = Vs, > 2.85V

at Over Current Condition Ss2(01s) V= O'SYREF’VINZ»: 0.5V e s 75 UA

sst = Vss2 < 8

Overload Hiccup Threshold .

Voltage V., and V.., Decreasing 2.85 \Y
Overload Hiccup Recovery VSSRCV1, .

Soft-Start Voltage VSSRCV?2 VSS1 and VSS2 Decreasing 0.5 \
PWM Output Disable SS/EN 0.6 v
Voltage '

PWM Output Enable SS/EN

Voltage 1.2 15 Y
Internal 0.5V Reference Buffer

Output Voltage V eerour lerour = -1IMA, 0°C <T,=T,<70°C | 495 | 500 505 mV
Load Regulation 0 < logrour < -5SMA 0.05 %/MmA
Line Regulation AVCC,, <AVCC <15V, Loy = -1MA 0.02% %V
Notes:
(1) Guaranteed by design, not tested in production.

© 2006 Semtech Corp. 5 www.semtech.com
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Typical Per e Characteristics
Error Amplifier In ffset Vol Error Amplifier Inverting In Bi
UVLO Thresholds vs Temperature ° plifier Input Offset Voltage ° piftie erting Input Bias
vs Temperature Current vs Temperature
4.60 3.00 150
1 AVCC= 12V
] Rising
455 2.50 1 125
] <
1 ~
< 4.50 2.00 < 100
2 1 z \\Channel 2
g ] / g
3 4.45 1.50 | S 75
o 1 o
S ] / o
X 440 1.00 | 5 50
] yd =3 Channel 1
1 Falling -
4.35 4 0.50 25
4.30 e 0.00 : : 0 ‘ ‘ ‘
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
Temperature (°C) Temperature (°C) Temperature (°C)
Error Amplifier Non-inverting Input Switching Frequency Variation Source Current Limit Threshold
Bias Current vs Temperature vs Temperature vs Temperature
0 2.0 52
AVCC= 12V
Rosc= 51.1kQ
1.0
-10 < 51
< E
< 0.0 ] o
5 20 / 2 5
- [
5 o
3 1.0 \\ £ ™~
% / \ =
o -30 E 49
= Channel2 | —] 3
=] -2.0 =
g = A‘%/ N 5
- 4 3 .
40 Channel 1 3.0 ] o 48
50 ‘ -4.0 ‘ : : 47 : : :
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
Temperature (°C) Temperature (°C) Temperature (°C)
Soft-Start Charging Current REFOUT vs Temperature REFOUT Load/Line Regulation
vs Temperature vs Temperature
1.0 502 1.0
AvCC= 12V AVCC= 12V Inerour= -1MA (Line Regulation)
105 Vss= 1.5V 501 Irerour= -1mA ? AVCC= 12V (Load Regulation)
< . = 4
E / 5 08
= s 5
2 100 | £ 500 ] =
3 g & 061
o s )
5 95 — S 499 A 5 Load Regulati
5 - oa eguiation
g / ~—~—— 5 2 04 °
o o
£ 90 {4 L 498 S /
3 w -
n 4 )
F= o \
0.2
o w
. 497 |
o 85 '5'.:" \ Line Regulation
8.0 496 : ‘ ‘ 0.0 ‘ ‘ ‘ ‘ ‘
50 25 0 25 50 75 100 125 5 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
Temperature (°C) Temperature (°C) Temperature (°C)
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Typical Application Circuit Performance
Circuit Conditions: 2-Output Configuration as in Figure 16. V, = 12V, V

Soft-Start Up (Vour)

=2.5V,V

ouT1 0ouT2

Pre-biased Start Up (Vqyry)

= 1.2V, Ry, = 51.1kQ, SYNC = 0, and T, = 25°C.

Shutdown (Vgur1)

Vv, Vours VOUTl
idiv i/ . idiv widw |
.
VSSlIENl / 4 Iou'_|'1
2Vidiv 2AVdiv et
VSSlIENl ki vSSl/ENl 4
2V/div 5V/div
lours
10A/div
VGDLl W‘ML
5V/div
10ms/div lour1=0A 10ms/div Ry =1Q 200ps/div
Output Voltage Ripple (Vo) Load Transient Response (Vo) Overload Hiccup (Vour,)
Voun AP - RN
20mVidiv AATRAVARVEATAS Vours Voun
. 0.1V7div WT/WWM 1vidiv]
| Vssien
10Ao/a'ir& 2V/div
\V 4
10V/§:1v‘il\} MLM lours Mjm%
5A/div lours
20A/div
lour1=20A 2us/DIV lourn=15A 10 20A  200ps/div 50ms/div

Soft-Start Up (Voyr)

Pre-biased Start Up (Vqoyr,)

Shutdown (Voyr,)

;/
V, Vourz VOUTZ
0.5V7div J L B ] 0.5V/div . L B ] 0.5V/div | i
e e e .
. . .
Y r‘/ﬁ/ ) Vssaero “/ﬂ/ ) lours e
2Vidiv 2Vidiv 1A/div
s { X
v
lOUTZ W—\A/ IOUTZ
20A/div ALV [IVA Soy——
VGDLZ
5V/div Ji
10ms/div lour,=0A 10ms/div Rour=1Q 200ps/div

© 2006 Semtech Corp.

www.semtech.com



7]
!‘ SENMTECH

POWER MANAGEMENT

SC2447

Typical Application Circuit Perform

Circuit Conditions: 2-Output Configuration as in Figure 16.

Output Voltage Ripple (Vour,)

V,, =12V, V

Load Transient Response (Vqr,)

=25V, V

ouTL ouT2

= 1.2V, Ry, = 51.1kQ, SYNC = 0, and T, = 25°C.

Overload Hiccup (Vour,)

Vours e . V%‘TZ . %F,JL_‘W a
20mV/div WW/WWWI\/V O LV/diy [ e Vours
. i 0.5V/div )
iMoot oo rsrecscteminetoges /\
Y v |
lOUTZ
10A/div
szz S,L%Tz I‘Wm |
10V/div AL L . J il WJLJLJL: v 20A7div
lour,=25A 2us/DIV lour,=20A t0 25A  200ps/div 50ms/div
Output Voltage Ripple Efficiency @ Fsw= 500kHz Loss @ Fsw= 500kHz
Vourt & Voure 2.5V & 1.2V 2.5V & 1.2V
; - 95 10
Vin= 12V Vour= 2.5V Vin= 12V
— /
ouTL W 90 / 8
20mVidiv WM / /
| Vouri= 2.5V
T N et 85 -~ s 6 w2/ /)
20mv/div . ) B Voure= 1.2V \5‘;
8
ﬂ 80 | - 4
V. Vour= 1.2V
10V/Sclviv\3 ﬂ ﬂ ﬂ L 75 | ) / ouT2
wl LT U
10V/div L 70 0
lour1=20A Lus/DIV 0 5 10 15 20 25 30 0 5 10 15 20 25 30
loyr2=25A K Output Current (A) Output Current (A)
Circuit Conditions: 2-Ouput Configuration, Vi = 12V, LOUT=O.4uH for Vour= 1.2V, LouT=1UH for Vourr= 2.5V, 3.3V, and 5.0V, Rosc = 51.1kQ, and T,= 25°C.

Efficiency @ Fsw= 500kHz

5.0V, 3.3V, 2.5V & 1.2V
100

V= 12V T
Vour= 5.0V
95
g o) Vour= 2.5V ‘
> =2. \
3 our Vour= 3.3V
Qo
£ 85
w
80
75 T T T
0 5 10 15 20 25 30
Output Current (A)

Loss (W)

Loss @ Fsw= 500kHz
5.0V, 3.3V, 2.5V & 1.2V

V= 12V I
Vour= 5.0V
Vour= 3.3V
y i
%\/OUﬂ: 2.5V
] % I
Voure= 1.2V
0 5 10 15 20 25 30
Output Current (A)

© 2006 Semtech Corp.
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Typical Application Circuit Performance
Circuit Conditions: 2-Phase Configuration as in Figure 17, Vi = 12V, Vour = 1.2V, Rosc = 51.1k€, SYNC = 0O, and T, = 25°C.

Soft-Start Up Pre-biased Start Up (Vgyr) Shutdown (Vqy1)
\V V, Vour
0.5vidiv 0.5v/div 0.5Vidv ]
i
\Z \Z | \\\‘M
S / . ] S _/ v _ s oo
VSSl/ENl 4
5V/div l i
ZON%‘E‘\I ZOA/%% I o VepL
- 5V/div
10ms/div lour=0A 10ms/div Rour=12 200ps/div
Output Voltage Ripple (Vqur) Load Transient Response (Vq1) Overload Hiccup (Vgyr)
VOUT
20MV/div ™ T o e S Mo e v

ouT
V b 0.5V/div

AVidi -
T . . | ] } LAAIA AL A
Vssient \/\/ \/

IOUT

50A/div . e .. ] . . .. ] 2V/div
. L . ] Toa . A L ] lour
styz 50A/div
10V/div I
lour,=50A 1ps/DIV lour,=40A 10 50A  200ps/div 50ms/div
Current Share Efficiency @ Fsw= 500kHz Loss @ Fsw= 500kHz
2-Phase, 1.2V 2-Phase, 1.2V 2-Phase, 1.2V
30 90 15.0
V= 12V V= 12V Vo 12V
|
25 o \ 125 /
lpHase1 /
< 20 . 10.0
‘é IpHAsE2 § 80 g
3 " 5 g 75
] £ 75 =
2 i}
a 10 5.0
70 —
5 251~
0 - - 65 - - - 0.0 - - T
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Total Output Current (A) Output Current (A) Output Current (A)
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Pin Descriptions

Pin Pin Name | Pin Function
1 CSi+ The Non-inverting Input of Channel 1 Current-sense Amplifier/Comparator
2 csi- The Inverting Input of Channel 1 Current-sense Amplifier/Comparator. Normally tied to the
output of the converter.
3 ROSC | An external resistor connected from this pin to AGND sets the oscillator frequency.
4 IN1- Inverting Input of Channel 1 Error Amplifier. Tie an external resistive divider between output
1 and ground for output voltage sensing.
5 COMP1 | The Channel 1 Error Amplifier Output. This pin is used for loop compensation.

Edge-triggered Synchronization Input. When not synchronized, tie this pin to a voltage above
6 SYNC | 1.5V or ground. An external clock (frequency > frequency set with ROSC) at this pin
synchronizes the controllers.

7 AGND | Analog Signal Ground.
8 REF The Non-inverting Input of Channel 1 Error Amplifier.
9 REFOUT | Buffered 0.5V internal reference.
An external reference voltage is applied to this pin. This is also the non-inverting input of
10 REFIN o
Channel 2 Error amplifier.
11 COMP2 | The Channel 2 Error Amplifier Output. This pin is used for loop compensation.
The Inverting Input of Channel 2 Error Amplifier. Tie an external resistive divider between
12 IN2- output 2 and ground for output voltage sensing. Tie to AVCC for two-phase single output
applications.
The Inverting Input of Channel 2 Current-sense Amplifier/Comparator. Normally tied to the
13 CS2-
output of the converter.
14 CS2+ The Non-inverting Input of Channel 2 Current-sense Amplifier/Comparator.

An external capacitor tied to this pin sets (1) the soft-start time (2) output overload shutdown
15 SS2/EN2 | time for Channel 2. Pulling this pin below 0.6V tri-states GHD2 and forces GDL2 low. Leave
open for two-phase single output applications.

16 AVCC | Power Supply Voltage for the Analog Portion of the Controllers.

20 GDH2 | PWM Output 2.

21 GDL2 Logic Enable Signal for Channel 2.

24 GDL1 Logic Enable Signal for Channel 1.

25 GDH1 | PWM Output 1.

o8 SS1/ENL An external capacitor tied to Fhis_pin sets (1) the _soft-start time (2) output overload shutdown

time for Channel 1. Pulling this pin below 0.6V tri-states GDH1 and forces GDL1 low.

2;;;3;37 NC No Connection.

© 2006 Semtech Corp. 10 www.semtech.com
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Block Diagram

SYNC Junn cke Sl Avee
| : |— FREQUENCY ————»

CLK Dle
ROSC OSCILLATOR t DIVIDER CLK1 J |_| |_ 1.25V<— REFERENCE
ComPL SLOPE COMP. +

E 0.5v GDH1
N1 + I\ D
. \ SLOPE2

REF ; EAL - R o TRI-STATE1 I
E / .EWMl D s ><

\V4

REFSS1 TGONL
SLOPE1
CS1+ UV I\ GDL1
[1] > 2]
CS1- l/
[2]
CLK1
PRE-BIAS L
oci| SOFT-START  |OL I
& DSBLL
O\ﬁ?éaﬁ':’ SS1/EN1
SS1/EN]
SSLL CONTROL 1 @
1.25V
0.5V
2R
REFOUT
O :. <
1 UVLO
= 4.3/4.5V
AGND
COMP2
E SEL B A
2.5V \ MUX
B . | CLK2 Y
+
N2 / ANALOG I\ G
20
> SWITCH >—
R
REEIN + EA2 ) TRI-STATE2
+ o
i X
SLOPE2 TGON2
CS2+ uv _ I\ GDL2
14 > 21
CS2- |
13
PRE-BIAS L
SOFT-START  |oLZ =
& DSBL2
Oﬁ(?éSQD SS2/EN2
SS2/EN2
15
CONTROL 2 o R 125V D
- REFSS2

Figure 3. SC2447 Block Diagram
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Block Diagram

2.85V

/ s
@ 0.5V/3.2V Q QoL
9.5uA

SSIENO : . >0ﬁ R

‘ COMP

\ .

—r
0.8V
o (0.6V min.)
y2 e

C)”'OUA °I.. _@ R | O TGON

uv()—K Q 0 CLK

Figure 4. Soft-Start and Overload Hiccup Control Circuit
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Timing Chart

Avce Avce
45v / a5V /
Veer Vsg)
3.0V SS/EN 3.2V SSIEN
Enable Hiccup Enable Hiccup
Veowr Veowp
1.5V
1.25V
0 0
0.5Vi(Vier) \/REFSS 0.5V (Veer) \/REFSS
| / Vin Vi
0 i . 0 b ; e
0 3 e W n L 3 ety
GDHin h@h impedance state GDHin hidh impedance state
| GDL [ GDL
0 0
to t1 t2t4 t5 t6t7 t0 t1 t2 t3t4 t5 t6t7
(a) Normal Start Up (b) Pre-Biased Start Up

Figure 5. SC2447 Start-up Timing Diagram

AVC C

VSS/EN

VCOMP

GOH [T 5

GDH in highimpedance state

GDL |

t16 t17

Figure 6. SC2447 UVLO Shutdown Timing Diagram
© 2006 Semtech Corp. 13 www.semtech.com
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Timing Chart

VSS/EN

3.2v g_

Enable Hiccup
2.85V

Enable Hiccup

VCOMP

1.50V
1.25V
0.8v

0.5v
ov

0.5V ———xn

Reference Voltage
“'.,‘ Min.(Veer, Vererss)

ov

GDH in highimpedance state E
[ (TN IIIRIIINNNNINNINND sor
ov
| | GDL
ov

t7 t8 19 10 t11t12 t13 t14 t15

Figure 7. SC2447 Overload Hiccup Operation Timing Diagram
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Application Information

The SC2447 consists of two current-mode synchronous
buck controllers with many integrated functions. The
SC2447 can be used to generate:

1) two independent outputs from a common input or
two different inputs or,

2) dual-phase output with current sharing,

3) current sourcing/sinking from common or separate
inputs as in DDR (I and II) memory application.

Step-Down Converter

Starting from the following step-down converter
specifications,

Input voltage range: V,, €[V min

Input voltage ripple (peak-to-peak): AV

Output voltage: V,

Output voltage accuracy: €

Output voltage ripple (peak-to-peak): AV,
Nominal output (load) current: |

Maximum output current limit: I mex

Output (load) current transient slew rate: dl_(A/s)
Circuit efficiency:

|nmax]

Selection criteria and design procedures for the following
are described.

1) output inductor (L) type and value
2) output capacitor (C ) type and value
3) input capacitor (C, ) type and value
4) power MOSFETs

5) current sensing and limiting circuit
6) voltage sensing circuit

7) loop compensation network

Operating Frequency (f)

The switching frequency in the SC2447 is user-
programmable. The advantages of using constant
frequency operation are simple passive component
selection and ease of feedback compensation. Before
setting the operating frequency, the following trade-offs
should be considered:

1) Passive component size
Efficiency

EMI condition

Minimum switch on time
5) Maximum duty ratio

2
3
4

~— — ~— ~—

For a given output power, the size of the passive
components are inversely proportional to the switching
frequency, whereas MOSFET/Diode switching losses are
proportional to the operating frequency. Otherissues such
as heat dissipation, packaging and the cost issues are
also considered. The frequency bands for signal
transmission should be avoided because of EM
interference.

Minimum Switch On Time Consideration

In the SC2447, the falling edge of the clock turns on the
top MOSFET. The inductor current and the sensed voltage
ramp up. After the sensed voltage crosses a threshold
determined by the error amplifier output, the top MOSFET
is turned off. The propagation delay time from the turn-
on of the controlling FET to its turn-off is the minimum
switch on time. This propagation delay time consists of
the propagation delay time (T ,,,,,) from the current sense
inputs to the PWM output and the propagation delay time
(T, from the trailing edge of the PWM input to the
trailing edge of the phase voltage.

The SC2447 has a typical propagation delay time from
the current sense inputs to the PWM output of about
85ns at room temperature. The shortest on interval
of the controlling FET is then 85ns+T . .. Assuming
that T, .., is 45ns, the controller either does not turn on
the top MOSFET at all or turns it on for at least 130ns.
T__.can be found in the MOSFET driver datasheet.

DLTG

( MINON)

For a synchronous step-down converter, the operating duty
cycle is V /V,. The required on time for the top MOSFET
isV./(V, *fs). If the frequency is set such that the required
pulse W|dth is less than 130ns, assuming T, .. is 45ns,
then the converter will start skipping cycles. Due to
minimum on-time limitation, simultaneously operating at
very high switching frequency and very short duty cycle is
not practical. If the voltage conversion ratio V /V  and
hence the required duty cycle is higher, the switching
frequency can be increased to reduce the size of passive
components.

There will not be enough modulating headroom if the on
time is made equal to the minimum on time (T, ,\)- For
ease of control, set the switching frequency so that the
pulse width is at least 1.5 times the minimum on time.

© 2006 Semtech Corp.
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Setting the Switching Frequency

The switching frequency is set with an external resistor
connected from Pin 3 to the ground. The set frequency is
inversely proportional to the resistor value (Figure 8).

800
700

600 \
500 -
400 +
300

200
100 -

N

fs (kHz)

200

100 150
Rosc (k Ohm)

250

Figure 8. Free Running Frequency vs. R ..
Inductor (L) and Ripple Current

Both step-down controllers in the SC2447 operate in
synchronous continuous-conduction mode (CCM)
regardless of the output load. The output inductor
selection/design is based on the output DC and transient
requirements. Both output current and voltage ripples
are reduced with larger inductors but it takes longer to
change the inductor current during load transients.
Conversely, smaller inductors results in lower DC copper
losses but the AC core losses (flux swing) and the winding
AC resistance losses are higher. A compromise is to
choose the inductance such that peak-to-peak inductor
ripple-current is 20% to 30% of the rated output load
current.

Assuming that the inductor current ripple (peak-to-peak)
value is 8*/0, the inductance value will then be

_Vo(l_ D)

é1O.I:S .
The peak current in the inductor becomes (1+6/2)*lo
and the RMS current is

2
I e = |O,/1+5—.
' 12

L

Consider the following when choosing inductors:

a) Inductor core material: For high efficiency applications
above 350kHz, ferrite, Kool-Mu and polypermalloy
materials should be used. Low-cost powdered iron cores
can be used for cost sensitive-applications below 350kHz
but with attendant higher core losses.

b) Select inductance value: Sometimes the calculated
inductance value is not available off-the-shelf. The designer
can choose the next larger standard inductance value.
The inductance varies with temperature and DC current.
It is a good engineering practice to re-evaluate the
resulting current ripple at the rated DC output current.

c¢) Current rating: The saturation current of the inductor
should be at least 1.5 times of the peak inductor current
under all conditions.

Output Capacitor (C)) and V_ Ripple

The output capacitor filters the inductor current in the
steady state and serves as a reservoir during load transient.
The output capacitor can be modeled as an ideal capacitor
in series with its parasitic ESR (R_ ) and ESL (L ) (Figure
9).

£

Co
Lesl

Resr

Figure 9. An Equivalent Circuit of C_

If the current through the branch is i (t), the voltage across
the terminals will then be
1. di, (t) .
Vo (t) =Vo +C_o'([lb (t)dt + Lesl # + Resrlb (t)
This basic equation illustrates the effect of ESR, ESL
and C, on the output voltage.

The first term is the DC voltage across C, at time t=0.
The second term is the voltage variation caused by the

© 2006 Semtech Corp.
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charge balance between the load and the converter
output. The third term is voltage ripple due to ESL and
the fourth term is the voltage ripple due to ESR. The
total output voltage ripple is then the vector sum of the
last three terms.

Since the inductor current waveform is a triangular with
peak-to-peak value 6*/0, the ripple-voltage caused by
inductor current ripple is

3l
8C,

o's

AV,

~

the ripple-voltage due to ESL is

S,
AVESL = L fSE,

esl

and the ESR ripple-voltage is

=R,0l

esr o

Av ESR

Aluminum capacitors (e.g. electrolytic, solid 0S-CON,
POSCAP, tantalum) have high capacitances and low ESLs.
The ESR has the dominant effect on the output ripple
voltage. It is therefore very important to minimize the
ESR.

When determining the ESR value, both the steady state
ripple-voltage and the dynamic load transient need to be
considered. To keep the steady state output ripple-
voltage < AV, the ESR should satisfy

Resrl < A_\/O.
ol

o

To limit the dynamic output voltage overshoot/
undershoot to within a (say 3%) of the steady state
output voltage) from no load to full load, the ESR value
should satisfy

oV,

o
esr2 < |
o

R

Then, the required ESR value of the output capacitors
should be

Resr = mi n{Resrl’ R

esr2 }

The voltage rating of aluminum capacitors should be at
least 1.5V . The RMS current ripple rating should also
be greater than

3l

243

Usually it is necessary to have several capacitors of the
same type in parallel to satisfy the ESR requirement. The
voltage ripple cause by the capacitor charge/discharge
should be an order of magnitude smaller than the voltage
ripple caused by the ESR. To guarantee this, the
capacitance should satisfy

10
2nf R

S “esr

C, >

In many applications, several low ESR ceramic capacitors
are added in parallel with the aluminum capacitors in
order to further reduce ESR and improve high frequency
decoupling. Because the values of capacitance and ESR
are usually different in ceramic and aluminum capacitors,
the following remarks are made to clarify some practical
issues.

Remark 1: High frequency ceramic capacitors may not
carry most of the ripple current. It also depends on the
capacitor value. Only when the capacitor value is set
properly, the effect of ceramic capacitor low ESR starts
to be significant.

For example, if a 10uF, 4mQ ceramic capacitor is
connected in parallel with 2x1500uF, 90mL electrolytic
capacitors, the ripple current in the ceramic capacitor is
only about 42% of the current in the electrolytic
capacitors at the ripple frequency. If a 100uF, 2mQ
ceramic capacitor is used, the ripple current in the
ceramic capacitor will be about 4.2 times of that in the
electrolytic capacitors. When two 100uF, 2mQ ceramic
capacitors are used, the current ratio increases to 8.3.
In this case most of the ripple current flows in the
ceramic decoupling capacitor. The ESR of the ceramic
capacitors will then determine the output ripple-voltage.

Remark 2: The total equivalent capacitance of the filter
bank is not simply the sum of all the paralleled capacitors.
The total equivalent ESR is not simply the parallel
combination of all the individual ESRs either. Instead

© 2006 Semtech Corp.
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they should be calculated using the following formulae.

C. (0) = (R +Ry,)°0°C,,"Cyy” +(Cyp +Cyy)° L‘ﬂ Q1
= (Rlazcla + Rmzcm)wzcmcm +(Cp +Cy)
Rin Resr
Req(0) = RuRup (Rys + Rm)wzcmzcmz + (Rmsz + Rlaclaz) AN Co_— Ro
= (R + Rm)zwzcmzcmz +(Cy, +Cy)?
where R, and C_, are the ESR and capacitance of (DVDC — Cin
electrolytic capacitors, and R,, and C,, are the ESR and
capacitance of the ceramic capacitors respectively.

(Figure 10)
Figure 11. A Simple Model for the Converter Input

I Cla 1 Clb 1 Ceq
Q1
Rla R1b Req J[
ICin —

Figure 10. Equivalent RC Branch

R,, and C_ are both functions of frequency. For rigorous Vesr -
design, the equivalent ESR should be evaluated at the
ripple frequency for voltage ripple calculation when both
ceramic and electrolytic capacitors are used. IfR,_=R, =

R,and C,,=C, = C, then R and C_ will be frequency- Vein
independent and
Req =1/2 R, and Ceq =2C,. Figure 12. Typical Waveforms at Converter Input

It can be seen that high di/dt pulse current flows in the
Input Capacitor (C,) input capacitor. Capacitors with low ESL should be used.
It is also important to place the input capacitor close to
The input supply to the converter usually comes from a the MOSFETs on the PC board to reduce trace inductance
pre-regulator. Since the input supply is not ideal, input around the pulse current loop.
capacitors are needed to filter the current pulses at the

switching frequency. A simple buck converter is shown in  The RMS value of the capacitor current is approximately
Figure 11.

5 D D
. . . lein = 1oy DIAL+-—)——)* +— 1-D)].
In Figure 11 the DC input power supply has an internal 12 n n

impedance R and the input capacitor C,_ has an ESR of
R.- The MOSFET and the input capacitor current
waveforms, the ESR voltage ripple and the input voltage
ripple are shown in Figure 12. P, = ,szResr_

The power dissipated in the input capacitor is then
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For reliable operation, the maximum power dissipation
in the capacitors should not result in more than 10°C of
temperature rise. Many manufacturers specify the
maximum allowable ripple current (ARMS), rating of the
capacitor at a given ripple frequency and ambient
temperature. The input capacitance should be large
enough to handle the ripple current. For higher power
applications, multiple capacitors are placed in parallel to
increase the ripple current handling capability.

Sometimes meeting tight input voltage ripple
specifications may require the use of larger input
capacitance. At full load, the peak-to-peak input voltage
ripple due to the ESR is

o
AVESR = I:eesr (1+ E) I 0"

The peak-to-peak input voltage ripple due to the capacitor
is

From these two expressions, C can be found to meet
the input voltage ripple specification. In a multi-phase
converter, interleaved switching reduces ripple. The two
step-down channels of the SC2447 operate at 180 degrees
from each other. If both step-down channels inthe SC2447
are connected in parallel, both the input and the output
RMS currents will be reduced.

Ripple cancellation effect of interleaving allows the use
of smaller input capacitors. When converter outputs are
connected in parallel and interleaved, a smaller inductor
and capacitor can be used for each channel. The total
output ripple-voltage remains unchanged. The use of a
smaller inductor helps speed up the output load
transient.

When two channels with a common input are interleaved,
the combined input current waveform depends on the duty
ratios and the output currents of both channels. Assuming
that the output current ripple is small, the following formula
can be used to estimate the RMS ripple current in the
input capacitor.

Let the duty ratio and output current of Channel 1 and

Channel 2 be D, D, and | ,, |, respectively.

If D,<0.5 and D,<0.5, then

lcin ~ Dllolz + Dzlozz-
Choosing Power MOSFETs

Power MOSFETs with integrated gate drivers such as
PIP212, R2J20601NP, PIP202, PIP201 and IP2001,
IP2002 are suitable for SC2447 application.

Current Sensing

Inductor current sensing is required for the current-mode
control. Although the inductor current can be sensed
with a precision resistor in series with the inductor, the
lossless inductive current sense technigue can be used
in the SC2447. This technique has the advantages of,

1) lossless current sensing
2) lower cost compared to resistive sensing
3) more accurate compared to RDS(ON) sensing

The basic arrangement of the inductive current sense is
shown in Figure 13.

R_is the equivalent series resistance of the output inductor.
R, and C_form a RC network for inductor current sensing.

e S—
Vin
¥ o
iy L RL
) <
=x Cin Rs Cs
i Vo
J::}“ Q2 “T~Cout $ Rload
. ve(t)

£ m.

Figure 13. The Basic Structure of Inductive Current
Sense

In steady state, the DC voltage across R is
V=R, 1.
Notice that the DC value of V_ is independent of the

values of L, R_and C_. This means that, if only the
average load current information is needed (such as in

© 2006 Semtech Corp.

19 www.semtech.com



7]
!‘ SENMTECH

SC2447

POWER MANAGEMENT

Application Information (Cont.)

average current mode control), this current sensing
method is sufficient without time constant matching
requirement.

In the current mode control as implemented in SC2447,
voltage ripple on C_is required for PWM operation. In
fact, the V _AC peak-to-peak voltage ripple (denoted as
AV_) directly affects the signal-to-noise ratio of the PWM
operation. In general, smaller AV _ leads to lower signal-
to-noise ratio and more noise sensitive operation. Larger
AV, leads to more circuit (power stage) parameter
sensitive operation. A good engineering compromise is:

AV~ R 8,

It is necessary to match the following time constants to
equalize the ripple.

For example, L = 1pH and R = 1.8m£2, the time constant
R.C, should be set to 555.6ps. If one selects C_= 33nF,
then R_= 16.9 kQ.

Scaling the Current Limit

Over-current is handled differently in the SC2447
depending on the direction of the inductor current. |If
the differential sense voltage between CS+ and CS-
exceeds +50mV, the PWM signal (GDH) will go low. The
MOSFET driver will turn off the top MOSFET and turn on
the bottom MOSFET, to limit the inductor current. This
+50mV is the cycle-by-cycle peak current limit when the
load is drawing current from the converter. There is no
cycle-by-cycle current limit when the inductor current flows
in the reverse direction.

In the circuit of Figure 13, the equivalent inductor current
limit is set according to
50mVv

LMcp = R !
L

when the load is sourcing current from the converter. If
R = 1.8mQ, then lnep = 27.8A. The circuit in Figure 14
allows the user to scale the equivalent current limit with
the same R,.

C in the current sensing network is usually in the range

of 22nF ~ 330nF.

a) When the required current limit /, is higher than ILMCp,
R, is not needed and solve the following three equations

for RS, Rsl, and RSQ:
L
R./IR,)C, =—,
( S sl) S RL
R
l,,R —L—=50mV,
LM "ML RS+R51

and Ry, =R, /IRy .
Note that R, is made equal to R//R, to reduce effect
of the bias current of the current amplifier in SC2447.

b) When the required current limit |, is less than ILMCp,
remove R_, and solve the following two equations for R_
and R_.:

IR, +|§—Svo =50mV/,

s3

RS2 is then calculated from

i Vo
“T"Cout 2 Rload

vC(t)

w,

Rs2

Figure 14. Scaling the Equivalent Current Limit
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Overload Protection and Hiccup

During start-up, the capacitor from the SS/EN pin to
ground functions as a soft-start capacitor. After the
converter starts and enters regulation, the same
capacitor operates as an overload shutoff timing
capacitor. There is an internal net 9.5uA current source
charging the soft start capacitor C_(C,,), connected to
the SS/EN pin. The soft-start voltage VSS/EN will reach its
final value if no current limit occurs. As the load current
increases, the cycle-by-cycle current-limit comparator will
first limit the inductor current. If VSS/EN is higher than
3.2V, an internal net 37puA current source will discharge
the soft-start capacitor C_(C,,) during the off time after
tripping the over-current comparator. If VSS/EN falls to
2.85V, the controller will shut off both the top and the
bottom MOSFETs by pulling down the GDL and tri-stating
the GDH output (PWM). An internal net 7.5uA current

source discharges C,/(C,)) .

When the capacitor is discharged below 0.5V, the overload
hiccup latch is reset, the 9.5UA current source recharges
the SS/EN capacitor and converter restarts. The overload
hiccup function is enabled when the soft start capacitor
voltage exceeds 3.2V. The converter will repeatedly start
and shut off until it is no longer overloaded when the
soft-start voltage exceeds 3.2V. This hiccup mode of
overload protection is a form of foldback current limiting.
The following calculations estimate the average inductor
current when the converter output is shorted to the
ground:

a) The time taken to discharge the capacitor from 3.2V
to 2.85V is

(3.2-2.85V
37uA
If C,,= O.1uF, t_,, is calculated as 0.945ms.

s = Caz

b) The time taken to discharge the capacitor from 2.85V
to 0.5V is
(2.85-0.5)V

7.5uA

o IS calculated as 31.3ms.

ty, =Cy
If C,,= O.14F, t
¢) The soft start time from 0.5V to 3.2V is

(3.2-0.5)V
9.50A

ssr — 732

When C,,= 0.1YF, t__ is calculated as 28.4ms. Note
that during soft start, the converter only starts switching
when the voltage at SS/EN exceeds 1.25V.

d) The effective start-up time is
(3.2-1.25)V
9.5uA

SSO 32

The average inductor current is then
t

SSO

ILeff = ILMcp t

ssf1 + tssf 2 + tssr )

ls = 0.34 1, and is independent of the soft start
capacitor value. The converter will not overheat in

hiccup.

Setting the Output Voltage

The non-inverting inputs of channel 1 and channel 2 error
amplifiers are brought out as device pins (Pin 10 and Pin
8). These pins can be tied to the precision 0.5V reference
output (Pin 9) of the SC2447. A simple voltage divider
(R,, at top and R, at bottom) sets the converter output
voltage. The voltage feedback gain h=0.5/V_is related
to the divider resistors as follows:

h
R,=— R
02 1—h ol -

Once either R or R , is chosen, the other can be
calculated for the desired output voltage V. Since the
number of standard resistance values is limited, the
calculated resistance may not be available as a standard
value resistor. As a result, there will be a set error in the
converter output voltage. This non-random error is
caused by the feedback voltage divider ratio. It cannot
be corrected by the feedback loop.

The following table lists a few standard resistor
combinations for realizing some commonly used output
voltages.

Vo(v) [o6|o09f 12| 15| 18| 25 | 33
(-hh | o2 08| 14| 2 26 4 56
Rol (Ohm) | 200 | 806 | 1.4K | 2.0K | 2.61K | 4.02K | 5.62K
Ro2 Ohm) | 1K | 1K | 1K | 1k | 1K | 1K | 1K
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Only the voltages in boldface can be precisely set with
standard 1% resistors.

From this table, one may also observe that when the
value
1-h

h

and its multiples fall into the standard resistor value
chart (1%, 5% or so), it is possible to use standard value
resistors to set up the exact and required output voltage
value.

The input bias current of the error amplifier also causes
an error in setting the output voltage. The maximum
inverting input bias current of the error amplifiers is -
380nA. Assuming the non-inverting input is tied to the
0.5V reference output, the percentage error in the

second output voltage will be -100% - (0.38MA)

R01R02 /[0.5 - ( To keep this error below

0.2%, R
(0]

R01+R

< 2.6kQ.

02 I
2

Loop Compensation

SC2447 uses current-mode control for both step-down
channels. Current-mode control is a dual-loop control
system in which the inductor peak current is loosely
controlled by the inner current-loop. The higher gain outer
loop regulates the output voltage. Since the current loop
makes the inductor appear as a current source, the complex
high-Q poles of the output LC network are split into a
dominant pole determined by the output capacitor and
the load resistance and a high frequency pole. This pole-
splitting property of current-mode control greatly simplifies
loop compensation.

The inner current-loop is unstable (sub-harmonic
oscillation) unless the inductor current up-slope is steeper
than the inductor current down-slope. For stable
operation above 50% duty-cycle, a compensation ramp
is added to the sensed-current. In the SC2447 the
compensation ramp is approximately

%

ramp

=D*0.4V.

The slope of the compensation ramp is then
S.=0.4*fs.

The slope of the internal compensation ramp is well above
the minimal slope requirement for current loop stability
and is sufficient for all the applications.

With the inner current loop stable, the output voltage is
then regulated with the outer voltage feedback loop. A
simplified equivalent circuit model of the synchronous
Buck converter with current mode control is shown in
Figure 15.

L1

ic

RO1

Vref=0.5V

Ro2

Figure 15. A Simple Model of Synchronous Buck
Converter with Current Mode Control

The transconductance error amplifier (in the SC2447)
has a gain g_ of 170pA/V. The target of the compensation
design is to select the compensation network consisting
of C,, C, and R,, along with the feedback resistors R_,
R,, and the current sensing gain, such that the converter
output voltage is regulated with satisfactory dynamic
performance.
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PC Board Layout Issues

Circuit board layout is very important for the proper
operation of high frequency switching power converters.
A power ground plane is required to reduce ground
bounces. The followings are suggested for proper layout.

Power Stage

1) Separate the power ground from the signal ground. In
the SC2447, the power ground PGND should be tied to
the source terminal of lower MOSFETs. The signal ground
AGND should be tied to the negative terminal of the
output capacitor.

2) Minimize the size of high pulse current loop. Place
the top MOSFET, bottom MOSFET and the input
capacitors close to each other with short and wide traces.
In addition to the aluminum energy storage capacitors,
add multi-layer ceramic (MLC) capacitors from the input
to the power ground to improve high frequency bypass.

Control Section

1) The frequency-setting resistor R . should be placed
close to Pin 3. Trace length from this resistor to the
analog ground should be minimized.

2) Solder the bias decoupling capacitor right across the
AVCC and analog ground AGND.

3) Place the current sensing network away from the
power circuit and close to the corresponding CS+ and
CS- pins. Use X7R ceramic capacitor for the sensing
capacitor because of its temperature stability.

4) Use an isolated local ground plane for the controller
and tie it to the negative side of output capacitor bank.

© 2006 Semtech Corp. 23 www.semtech.com



SC2447

-~
SEMTECH

POWER MANAGEME

e
=
©
S
)
<
3
(0]
o
=
©
Qo
o
Q
<
©
Q
S
T

uonedjjddy sinding oML gTedid/Lb2OS

"9T aingl4

(A€'9/4N0T) MI0TCOIHDTENHD ereInN
(A€'9/4N00T) M20TCOHUSXSG2ZED MAL :sionoeded ndino
(A9T/4NZ2Z) M92ZOTOHOTENYD BreINA :sioydede) indu
Jojonpul 1emod adAL 9¥TI1dS Bled 21T

INZT-2TedId sdilud 2N TIN
ZHY00S =Aduanbaig Buiyoums

4nt

VSZINC'T 'VOZING'C =
NCT =

_1no

A

Z_>

Iy
—— o 5€0:
MST'L
A Jl_
3do0t1 790
>0z
R 2%
= (2] ot
|_| ot =
o 002 Jdzz 180 = e
[/\/\[|_ 7z = INCT-ZT1ZdId
zxanot| dnoot| dnoot| dnoot N+mn_v_m S22 YT [ossn osSA %
. N3"9aaA
(%) sz o il duee <
Jugo | I 0zo o e F1avsia <
[ on N
WYOWT/HNY'0
21 410
< Az ._”v ZON N8O rcom - T LYvZOS £€0
s ——es0 any o €0 +2S0 ZN3fZSS
dgo 9QaN |—4 =810 v st
B 980 250 . SYTYNT
04OA  OGCA | 69T B o1 oo
S 2u 1 o oN b
ree 0O 1 2dwoo ON by
p ota Qe
N _4 NEEN oN fx¢
- nro 1n043y 2HAO o
AW Ldot T€0: 022, _|m 43y 2109 |
820
anov oN
- 672 B K
W (ACT) NIA 7 ows N g
ant
) | oo 1109 |
62
“INI THaO
oty e ¥ 6
ddoot| | zpo 950y ON
MIT Sd ¢ . L]
) IWMWM 7 TS° N % 260
= . , 4150 INATSS |-
. Jdzz 050 =
ze n
™ A — — w2 - WZT-ZTezdld T
zxanot | 4noot| dnoot| anoot Tmn_v_m sTzz e T [ossn 0SSA % NI
. N3"9aaA
00| evd il duee <
Juoot 1120 ou He F1avsia <
[ on I fg
WYowsT/HNT
bal
N8O
v0zZ ‘AS'2) TOA L SO o | am
I_l4 dgo 900N =1 =519
oaan QA (—
TN
ree 0O
dnze |dngz [dnee |dnee uw s1a o€

ZN3

24 www.semtech.com

© 2006 Semtech Corp.



SC2447

~
SEMTECH

POWER MANAGEMENT

o
—
@©
=
O
S
O
w
o
=
()
=
Q
Q
<
©
=
5
=

o

T
¢XdNT |2X4n0T| 4NO0T| dNOOT| <N0OT

yAze) 920

—1F—

20| 12| e

2x4not

0€d 670 Elze) iz4e)

192

MST'L
9Td

uoneoliddy indinQ 9|8uls aseyd-lend gTedld/LyvedS LT 24n8id

(A€°9/4N0T) M90TCO9HOTENHD BIRINN
(A€'9/4N00T) ML0TCO¥SXSZZED AL :sionoede) ndino
(A9T/4NZZ) M9ZZOTIHITEWYO EereInin sioydedeD indu
Jojonpuj Jemod adAL 9¥TIdS eled 21 ‘11
INZT-ZTZdld sdiiud ‘2N TN
ZHY00S =Aduanbaig Bulyonms

4dozt 0T
ﬂ 7y

O
(V0S ‘AZ'T) 2OA

.1 _Lho
YOS/INCT =" "A
NI
AT ="A
ant anzy
—— o WeT 30T 560
8Ty 17y
3doot | vo |
302
— AN
2-s0y ot or
we'z ddzz 150 = pras) 9zd
— A t—] ez = WZT-gTedld
2+S0Y = %
I 302 " T Tossh_ossa
. N3 9aadn
ugg |1 duge z
4ugo |l 0zo sy I—lﬂo F18vSIa Lo
AAA . oA A 55
WYOWT/HNY'0
21
Lv¥20S
G938 g ego [ AN
-T- +2SD IN3VESS g
dgo QAN |—— — 819 vt
€ 280 20AV
0aan D0 | €T 9T
ZN =1 N ON ¢
ree 0 F Df 2dwod ON 3
p ota Qved
3 Hug'e ] N3 N K
TED:
Jdot o = Lno3 2ZHOO [
820 029 EEN z1a9
MV 8 &
V:%.M — anov ON b,
(AZT) NIA  oms on b
Bl
) 5 Tawod 1109 [
“INI THao
d r NT'TS v S¢
d4doot !l gy 250y ON
£ 3
02 s 4nT'0
7| Ts° NP, ==z
reod +1SD INI/TSS
d T K2R
. ddzz 050 =
W'z HD
—~ A t—] ez = WZT-gledld
T+S0Y = %
M 302 e TT_lossn  ossa
. N3 9aadn
ugg |1 duze z
4ugo | 120 ou I—lio F18vSIa Lo
AAA . oA I 55
WYOWT/HNY'0
b3l
NED 8YTYNT
duoot  [oT 3nT v
e JESEN A U 110
I_l4 dgo 9AAN - — 619
L N3
oaan OQQA |
TN
ree 0Ot
4nzz |dngz [4nzz |4nzz W sta Qe
20 | € | VO | 9

5

(AZT) NIA

25 www.semtech.com

© 2006 Semtech Corp.



7] SC2447
!‘ SEMTECH

POWER MANAGEMENT
Outline Drawing - TSSOP-28

DIMENSIONS
INCHES MILLIMETERS

DIM MIN INOM|MAX| MIN INOM|MAX

A - - .047 - - 1.20

Al | .002 - .006 | 0.05 - 0.15

A2 | .031 - .042 | 0.80 - 1.05

2X|El2 b | .007 - .012 1 0.19 - 0.30
.003 .007 | 0.09 0.20

c N B
D |.378 | .382 | .386 | 9.60 | 9.70 | 9.80
E1|.169 | .173 | .177 | 430 | 4.40 | 450

PIN 1
INDICATOR 1

E .252 BSC 6.40 BSC
e .026 BSC 0.65 BSC
L |.018].024].030 ] 0.45]0.60 ] 0.75
[ ]ece[c] L (039) @0
2X N2 TIPS N 28 28
61| oo] - [ 8O oo - [ 80
aaa .004 0.10
bbb .004 0.10
‘ o ) ccc .008 0.20
D
[ SJaaalc] |
i
SEATING v
PLANE
bxN
bbb |C[A-B[D]
-
\
i\//\SEE DETAIL A DETAILL A
SIDE VIEW
NOTES:

1. CONTROLLING DIMENSIONS ARE IN MILLIMETERS (ANGLES IN DEGREES).
2. DATUMS AND TO BE DETERMINED AT DATUM PLANE [-H- |

3. DIMENSIONS "E1" AND "D" DO NOT INCLUDE MOLD FLASH, PROTRUSIONS
OR GATE BURRS.

4. REFERENCE JEDEC STD MO-153, VARIATION AE.

Land Pattern - TSSOP-28

o

N * T z DIgM IN(%%I?S . LLI(%/%-I)-ERS
N o 05o

Lj@ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ = =

NOTES:

1. THIS LAND PATTERN IS FOR REFERENCE PURPOSES ONLY.
CONSULT YOUR MANUFACTURING GROUP TO ENSURE YOUR
COMPANY'S MANUFACTURING GUIDELINES ARE MET.
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