TEMIC Si786

Dual-Output Power-Supply Controller for Notebook Computers

Features

® Fixed 5-V and 3.3-V Step-down Converters

® |ess than 50QA Quiescent Current per converter
® 25-uA Shutdown Current

® 5.5-V to 30-V Operating Range

Description

The Si786 Dual Controller for Portable Computer Powegate of a low on-resistance n-channel FET used in

Conversion is pin and functionally compatible with theswitching power to different zones in the system.

MAX786 dual-output power supply controller for

notebook computers. The device is designed as a dropAircomplete power conversion and management system

replacement for that circuit. can be implemented with the Si78&al Controller for
Portable Computer Power Conversion, an inexpensive
linear regulator, the Si9140 SMP Controller for High

o ) ] Performance Processor Power Supplies, five Si4410

The circuit is a system level integration of two step-dowR_channel TrenchFET Power MOSFETs, one Si4435

controllers, micropower 5-V and 3.3-V linear regulatorsy_channel TrenchFET Power MOSFET, and two Si9712

and two comparators. The controllers perform highc card (PCMCIA) Interface Switches.

efficiency conversion of the battery pack energy

(typically 12 V) or the output of an ac to dc wall converteThe Si9130 Pin-Programmable Dual Controller for

(typically 18-V to 24-V dc) to 5-V and 3.3-V systemportable PCs is another integrated system level devices

supply voltages. The micropower linear regulator can ler portable PC power systems.

used to keep power management and back-up circuitry

alive during the shutdown of the step-down converter§he Si786 is available in 28-pin SSOP package and

The comparators can be biased at any voltage betwespecified to operate over the commercidlGdo 70°C)

2.7V and the input voltage, simplifying batterytemperature range.

monitoring or providing sufficient voltage to enhance the

Functional Block Diagram

33V
5.5.V —,—_ :> Power o uP

— . Memory
to =
30V | ::> Section S V: Peripherals
SHUTDOWN ——| ~ Si786 -
5-V ON/OFF —»] Low-Battery Warning

3.3-V ON/OFF ——»

SYNC Power-Good

Updates to this data sheet may be obtained via facsimile by calling Siliconix FaxBack, 1-408-970-5600. Please request FaxBack document #1822.

Siliconix 1

S-51155—Rev. B, 20-Nov-96
New Product



Si786 TEMIC

Semiconductors

Absolute Maximum Ratings

VHIOGND . .o oo 03VH036V DH3toLX3 . .ooveeneeeen 0.3V (BSK+0.3)
PGNDtOGND. ... e +2V DH5toLXs .. ..o -0.3V (BST;+0.3)
VLI GND . .o e -03Vto7V REFRM ShorttoGND ............ ... ... Momentary
BST3, BSTStO GND .. ovovovoeeeeeeeaean s 0.3vVto36y REFCument................ooooii 20.mA
Y ) V1003V VLCUTENL. ..o 50mA
LXSH0BSTS « e evve e e 7V100.3V Continuous Power Dissipation{E 70°C)2

28-PiNSSOP. ... ... 762 mwW
Inputs/Outputs to GND o ting T wre R 016 Q0
(D1, Dy, SHDN, ONs, REF, S§, CSs. FBs, SYNC, CS, FBg, perating Temperature :?mge .....................
S ONG) « - 0.3V, (M +0.3V) Lead Temperature (soldering, 10sec). . ................ 300
VHtOGND. . ... :0.3Vto20V

to GND 0.3V, (W +03V) hotes

QuQWGND. ...y 0.3V, (M +03V) a. Device mounted with all leads soldered or welded to PC board.
DL3, DLstoPGND ...................... 0.3V, (Y +0.3V) b. Derate 9.52 mWLC above 70C.

Exposure to Absolute Maximum rating conditions for extended periods may affect device reliability. Stresses above Absolute Maximum rating may
cause permanent damage. Functional operation at conditions other than the operating conditions specified is not implied. Only one Absolute
Maximum rating should be applied at any one time

Specifications
Unlesleéttr?e?\rl]v?slttlaoggecified Limits
O0to 70C
V+=15V, i = IrRgrp= 0 mA
SHDN=ON; =ONs =5V
Other Digital Input Levels 0 V or 5V ) )
Parameter Ta = Tvin 10 Twax Min?, Typ® | Max® | Unit
3.3-V and 5-V Step-Down Controllers
Input Supply Range 55 30
0mV < (CS-FBs) <70 mV, 6 V<V +<30V
FBs Output Voltage (includes load and line regulation) 4.80 5.08 520
- \
Si786CG 3.17 3.35 3.46
0 mV <(CSx-FBg) < 70.mV :
FB3 Output Voltage 6V<V+<30V Si786CRG 3.32 3.50 3.60
(includes load and fine regulation) SI786CS0 346 365 375
Load Regulation Either Controller (CS_to FB_ = 0to 70 mV) 25 %
Line Regulation Either Controller (V+ =6V to 30 V) 0.03 %IV
Current-Limit Voltage CS3-FB3 or CS-FBs 80 100 120 mV
SS/SS; Source Current 2.5 4.0 6.5 A
SS/SS; Fault Sink Current 2 mA
Internal Regulator and Reference
ON5=ONg=0V,55V<V+<30V
V| Output Voltage 0OmA < | <25mA 45 5.5
V| Fault Lockout Voltage Falling Edge, Hysteresis = 1% 3.6 4.2
V| /FBs Switchover Voltage Rising Edge of FB, Hysteresis = 1% 4.2 4.7 v
REF Output Voltage No External Loaf 3.24 3.36
REF Fault Lockout Voltage Falling Edge 2.4 3.2
REF Load Regulation O0mA< | <5mad 30 75 mV
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1EMIC Si786

Semiconductors

Specifications
Test Conditions o
Unless Otherwise Specified Limits
0to 70°C
V+=15V, iy = Iggr= 0 mA
SHDN=0ON3 =ONs =5V
Other Digital Input Levels 0 V or 5V ) )
Parameter Ta = Tmin t0 Tmax Mina, Typ® | Max2 | Unit
Internal Regulator and Reference (Cont'd)
V+ Shutdown Current SHDN=D, = D2_= ONg = ONs =0V 25 40
V+=30V uA
V+ Standby Current D1=D,=ONg=ONs=0V,V+=30V 70 110
Quiescent Power Consumption D1=D,=0V,FB5=C$=5.25V 55 8.6 mw
(both PWM controllers on) FB3=CS$ =35V ) ’
V+ Off Current FBs = CS = 5.25V, \{. Switched Over to F8 30 60 UA
Comparators
D1, Do Trip Voltage Falling Edge, Hysteresis = 1% 1.61 1.69 Y
D1, Dy Input Current D1=D,=0V,5V +100 nA
Q1, @ Source Current 12 20 30
- VH =15V, VOUT =25V MA
Q1, Q@ Sink Current 200 500 1000
Q1, Q2 Output High Voltage Isource=5uA, V=3V Vy-0.5
\
Q1, Q@ Output Low Voltage Isink = 20uA, V=3V 0.4
Quiescent Y Current Vyu =18V, D =Dy =5V, No External Load 4 10 A
Oscillator and Inputs/Outputs
. SYNC =33V 270 300 330
Oscillator rrergueansy/ kHz
SYNC=0V,5V 170 200 230
SYNC High Pulse Width 200
SYNC Low Pulse Width 200 ns
SYNC Rise/Fall Time Not Tested 200
Oscillator SYNC Range 240 350 kHz
SYNC =33V 89 92
Maximum Sudy' Cyere %
SYNC=0V,5V 92 95
Input Low Voltage SHDN, ON3z, ON5 SYNC 0.8
SHDN, ON3, ONs 2.4 \Y
Input High Yoltage
P 9 SYNC VL -05
Input Current SHDN, ON3, ONs VN =0V, 5V +1 uA
DL3/DLsg Sink/Source Current Vour=2V 1
A
DH3/DHs Sink/Source Current BST3- LX3=BST5-LX5=45V,Voyt=2V 1
DL3/DLg On-Resistance High or Low 7
. High or Low Q
DHs/DH5 On-Resistance BSTs- LX3=BSTs - LX5= 4.5V 7

Notes

a. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum.

b. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

c. Since the reference useg &s its supply, its V+ line regulation error is insignificant.

d. The main switching outputs track the reference voltage. Loading the reference reduces the main outputs slightly according to the closed-loop
gain (AVcL) and the reference voltage load-regulation errog Afor the 3.3-V supply is unity gain. A for the 5-V supply is 1.54.
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Typical Characteristics (25 C Unless Noted)

Efficiency vs. 5-V Output Current, 200 kHz Efficiency vs. 5-V Output Current, 300 kHz
100 100
FTTII FTTIE 1
ViN=6V ViN=6V
IN gt :\ IN il \\
/’ Lt N -l n N
90 ~ » ’ % a
’4 ’—'lll N\ "! \ —___. p—] (L ‘/\\
" - \ /' " > \
S w0 /| - ViN=15V g &0 7~ AT Vin=15V
~ p /— | ~ y p ’—,i
& q - 3 / -
Q ViN=30V Q
3 / ;/ N k) /’ y V=30V
o o
& 70 bt g 70 / -
o / i [/ / I |
/ SYNC =0V, 3.3V Off / 3.3V off
7/ y/
50 50
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
5-V Output Current (A) 5-V Output Current (A)
Efficiency vs. 3.3-V Output Current, 200 kHz Efficiency vs. 3.3-V Output Current, 300 kHz
100 100
IR
et TN ViN=6V TN\
90 90
”— ,—__ N ”—i \\
ViN=6V /”—l" Q i /’f"-- ’——""\\\
g 1L/ A= s S A N
S 80 / » ViN=15V S 80 / i ViN=15V
> 7 > o
g {/ /7 o {/
3 {/ vin=30v S {/ V=30V
= 70 = 70
Lo { I Lo f |
SYNC=0V,5V On 5V On
60 60
50 HH 50 !
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
3.3-V Output Current (A) 3.3-V Output Current (A)
20 Quiescent Supply Current vs. Supply Voltage 5 Standby Supply Current vs. Supply Voltage
< —
E 25 <é: 20
1S =
£ 20 3
>
2 ON3 = ONs = High o L5 ON3=ONs=0V
2 15 =
7 s
5/3 ) 1.0
g 10 )
3 g
3 5 n 05
0 0
0 6 12 18 24 30 0 6 12 18 24 30
Supply Voltage (V) Supply Voltage (V)
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Si786

Typical Characteristics (25 C Unless Noted)

500

400

300

200

Shutdown Supply Current A)

100

Shutdown Supply Current vs. Supply Voltage

Mimimum Vin to Vour Differential (V)

6 12 18

Supply Voltage (V)

24 30

Minimum V |y to Voyr Differential
vs. 5-V Output Current

LO—rrmmr 71T
5-V Output /
Still Regulating
0.8 /
06 //
. /
300 kHz || /
/
‘—
0.4 P
200 kHz
0.2
0
0.001 0.01 0.1 1

5-V Output Current (A)

Switching Frequency vs. Load Current

L0000 T T
SYNC = REF (300 kHz)
ON3=ONs=5V
o) ;/
I 1/
< 100.0 S
N / !7
> vy
c 7
) /1
S Y/
o Y Y/
2 10.0 L
= 5V, V=30V /::
g 7L/ 5V, V=75V
< g y
] Pl ’f"
g pe
& 1.0 g m
Ul 33V, Vin=75V
a1 R
0.1
0.1 1 10 100 1000
Load Current (mA)
Pulse-Skipping Waveforms Pulse-Width Modulation Mode Waveforms
A . A 5-V Output
: _ 50 mV/div
1 LX 10 v/div
[ 2 Vidiv
W 5-V Output
: : _ 50 mV/div
200uS/div 500 ns/div
ILoag= 100 mA 5-V Output Current =1 A
V|N=10V V|N216V
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Typical Characteristics (25 C Unless Noted)

5-V Load-Transient Response 3.3-V Load-Transient Response
3A ‘
LOAD CURRENT | 3A
0A i LOAD CURRENT
0A
5-V Output
50 mV/div 3.3-V Output
50 mV/div
200uS/div 200uS/div
V|N:15V V|N=l5V
5-V Line-Transient Response, Rising 5-V Line-Transient Response, Falling
5-V Output : : : : | 5-V Output
50 mV/div VLA | A 1 50 mv/div
VN, 10 t0 16 VN, 16 t0 10V
2 Vidiv 2 V/div
20 uS/div 20 uS/div
lLoaD =2A lLoaD = 2A
3.3-V Line-Transient Response, Rising 3.3-V Line-Transient Response, Falling
3.3-V Output WAV AV 3.3-V Output
50 mV/div 50 mV/div
VN, 10to 16 V| { Vin, 16t0 10V
2 V/div 2 Vidiv
oS 20 uS/div
ILoaD =2A
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Pin Configuration

B

hused.

css [ 28] FBs
ss [2] [27] Shs Ordering Information
Ol’;lj % % ::;3 Part Number Temperature Range VouTt
D, E ZI DLs Si786CG 3.3V
Vi IE E V+ Si786CRG Oto 70C 345V
Q, Iz SSOP.28 ZI A Si786CSG 3.6V
Q1 E Zl FBs
GND [9] [20] PGND Demo Board Temperature Range Board Type
REF IE E DLs Si786DB Oto70C Surface Mount
SYNC [11] 18] BST
SHDN [12] [17] X5
ONs [12] [16] DHs
ss; [14] [15] cs5
Top View
Pin
Number Symbol Description
1 CSs Current-sense input for 3.3-V Buck controller—this pins over current threshold is 100 mV with respegt to
2 SS Soft-start input for 3.3 V. Connect capacitor frors &88GND.
3 ON3 ON/OFFlogic input disables the 3.3-V Buck controller. Connect directly tddv automatic turn-on.
4 D1 Comparator #1 noninverting input, threshold = 1.650 V. Comparator #1 output = Q1. Connect to GND if u
5 D> Comparator #2 noninverting input (se¢)D
6 VH External bias supply-voltage input for comparators #1 and #2.
7 Q Comparator #2 output. Sources|2®from Vy when D is high. Sinks 50QA to GND when B is low
regardless of M input voltage.
8 Q1 Comparator #1 output (see)Q
9 GND Analog ground.
10 REF 3.3-V reference output. Supplies external loads up to 5 mA.
Oscillator control/synchronization input. Connect capacitor to GNIF/irA output or 0.22F minimum. For
11 SYNC external clock synchronization, a rising edge starts a new cycle to start. To use internal 200-kHz oscillato
connect to VL or GND. For 300-kHz oscillator, connect to REF.
12 SHDN Shutdown Iogic_input, activg low. Connect tp ¥r automatic turn-on. The 5-V|Vsupply will not be disabled i
shutdown allowing connection to SHDN
13 ONs ON/OFFlogic input disables the 5-V Buck Controller. Connect toféf automatic turn-on.
14 SS Soft-start control input for 5 V Buck controller. Connect capacitor fromt&&ND.
15 CS Current-sense input for 5 V Buck controller—this pins over current threshold is 100 mV referenced to FB
16 DHs Gate-drive output for the 5-V supply high-side n-channel MOSFET.
17 LXs5 Inductor connection for the 5-V supply.
18 BSTs Boost capacitor connection for the 5-V supply.
19 DLsg Gate-drive output for the 5-V supply rectifying n-channel MOSFET.
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Semiconductors

Pin Configuration (Cont’d)

NUFI’)TIEJEI’ Symbol Description
20 PGND Power Ground.
21 FBs Feedback input for the 5-V Buck controller.
22 VL 5-V logic supply voltage for internal circuitry—able to source 5-mA external logdseains on with valid
voltage at V+.
23 V+ Supply voltage input.
24 DL3 Gate-drive output for the 3.3-V supply rectifying n-channel MOSFET.
25 BST3 Boost capacitor connection for the 3.3-V supply.
26 LX3 Inductor connection for the 3.3-V supply.
27 DH3 Gate-drive output for the 3.3-V supply high-side n-channel MOSFET.
28 FB3 Feedback input for the 3.3-V Buck controller.

Description of Operation

The Si786 is a dual step-down converter, which takesfa low-side switching MOSFET connected to L
5.5-V to 30-V input and supplies power via two PWMincreases efficiency by reducing the voltage across the
controllers (see Figure 1). These 5-V and 3.3-V suppligesctifier diode. A low value sense resistor in series with
run on an optional 300-kHz or 200-kHz internalthe inductor sets the maximum current limit, to disallow
oscillator, or an external sync signal. Amount of outputurrent overloads at power-on or in short-circuit
current is limited by external components, but can deliveituations.

greater than 6 A on either supply. As well as these two

main Buck controllers, additional loads can be driven ) ) )
from two micropower linear regulators, one 5 \{ jand 1 N€ soft-start feature on the Si786 is capacitor
the other 3.3 V (REF)—see Figure 2. These supplies dpEpgrammable; pin Sﬁunchong as a constant current
each rated to deliver 5 mA. If the linear regulator circuits®Urce to the external capacitor connected to GND.

fall out of regulation, both Buck controllers are shufXCcess currents at power-on are avoided, and
down. power-supplies can be sequenced with different turn-on

delay times by selecting the correct capacitor value.

Two voltage comparators with adjustable output voltages

are included in the Si786. They can be used for gate drive . .

in load switching applications, where n-channeP-V Switching Supply

MOSFETs are used. Logic level voltages can be

generated as well, for instance to serv@Rsnterfacing The 5-V supply is regulated by a current-mode PWM

(e.g. a Power-good signal). controller which is nearly the same as the 3.3-V output.
The dropout voltage across the 5-V supply, as shown in
the schematic in Figure 1, is 400 mV (typ) at 2 A. If the

voltage at V+ falls, nearing 5 V, the 5-V supply will lower

. as well, until the Y linear regulator output falls below the
The 3.3-V supply is regulated by a current-mode PWM_\, ndervoltage lockout threshold. Below this
controller in conjunction with several externals: tWQp ashold. the 5-V controller is shut off.

n-channel MOSFETSs, a rectifier, an inductor and output

capacitors (see Figure 1). The gate drive supplied by DH

needs to be greater than Vso it is provided by the The frequency of both PWM controllers is set at 300 kHz
bootstrap circuit consisting of a 100-nF capacitor amghen the SYNC pin is tied to REF. Connecting SYNC to
diode connected to BT either GND or Y sets the frequency at 200 kHz.

3.3-V Switching Supply
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TEMIC Si786

INPUT

55Vto30V
Cl % 100Q

N
22uF I

C10

&
l 22 F

D2A & | =< 0.1uF D2B
1N4148 1N4148

1 . 5Vat5mA
= Si786 [+ ATuF

O.(:EpsxF _2 v+ Vi iz o.i:iF l
Nlj| = BST;  BSTs " = —
— DHs SH; 17 | L2 R2
10uH 25
a3y LX3 LXs u 5V at
at3 A J_ l 3A
+
—
Cri I+ DL DL 419 * C6
150uF T 3 ° T ss0uF

15

c12 CS CS
150uF FB3 FBs
2 14
co H—2{ss  ssMj cs
0.01yF == = 0.01uF
_ 3 6
3.3V ON/OFF ON3 VH COMPARATOR SUPPLY INPUT
. 13 4
5V ON/OFF i ONsg D1 . IN COMPARATOR 1
SHUTDOWN SHDN Q ouT
11 5
0SC SYNC I S SYNC Dz . N cOMPARATOR 2
| N GND Q ouT
| = 10 20
REF PGND
I L
Note 1: Use short, Kelvin-connected + 33 Vat5mA
PC board traces placed very == C3
close to one another. 1uF
Figure 1. Si786 Application Circuit
3.3-V and 5-V Switching Controllers feedback voltage error signal, current sense signal,

slope-compensation ramp and voltage reference as shown in
Each PWM controller on the Si786 is identical with thé-igure 3. This method of control comes closer to the ideal
exception of the preset output voltages. The controlleo$ maintaining the output voltage on a cycle-by-cycle basis.
only share three functional blocks (see Figure 2): thWhen the load demands high current levels, the controller
oscillator, the voltage reference (REF) and the 5-V logis in full PWM mode. Every cycle from the oscillator asserts
supply (M). The 3.3V and 5-V controllers arethe output latch and drives the gate of the high-side
independently enabled with pins ©Nand ON, MOSFET for a period determined by the duty cycle
respectively. The PWMs are a direct-summing type, witho(approximately Vy1/Vin X 100%) and the frequency. The
the typical integrating error amplifier along with the phaskigh-side switch turns off, setting the synchronous rectifier
shift which is a side effect of this type of topology. Feedbad&tch and 60ns later, the rectifier MOSFET turns on. The
compensation is not needed, as long as the outfmw-side switch stays on until the start of the next clock
capacitance and its ESR requirements are met, accordingytde in continuous mode, or until the inductor current
the Design Consideratiorsection of this data sheet. becomes positive again in discontinuous mode. In

over-current situations, where the inductor current is greater
The main PWM comparator is an open loop device whi¢han the 100-mV current-limit threshold, the high-side latch
is comprised of three comparators summing four signals: tisereset and the high-side gate drive is shut off.

Siliconix 9

S-51155—Rev. B, 20-Nov-96
New Product



Si786 TEMIC

Semiconductors

5-VLDO FB;
V+ ——— Linear — CS3
Regulator l i J_
3.3V — BST3
VL | - PWM .
[ T Controller DH;3
3.3V n (See Figure 3) |—— LX;3
REF Reference DL
3
ON
ON —— SS3
SHDN 45V
|+
l y/a R
4V — ~ | | PGND
T\ =
ON
— 3
+
y/a FBs
— ——————— CS
28V T/ >
5V ———— BST;
PWM DH
SYNC 300 kHz/200kHz | STANDBY ( Controller 5
Oscillator (See Figure 3) oo LXs
DLs
ON — SS;5
ONj
D, \ \K Vi
g Q1
165V / :l
D, \ \l
g Q2
165V / :l

Figure 2. Si786 Block Diagram

During low-current load requirements, the inductoto reduce switching losses, the losses which decrease
current will not deliver the 25-mV minimum currentefficiency the most at light load. Entering this mode
threshold. The Minimum Current comparator signals theauses the minimum current comparator to reset the
PWM to enter pulse-skipping mode when the thresholigh-side latch at the beginning of each oscillator cycle.
has not been reached. Pulse-skipping mode skips pulses
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/I CS_

1X
60 kHz
‘ LPF FB_
+
REE, 33V ,
(or Internal 5-V - Summing
Reference) Comparator
+
= —— BST_
P Q | Level |
L S Shift DH
. L— ix_
UUu osc
= MA
Slope
Comp
\
- Minimum Current Oq
25mv / (Pulse-Skipping)
IVL
4 uA l @ Current
Limit
S Shoot-
0mV to Through
SS 100 mV Control
- 30R
=
[
—] 33V
ON_ — R
Synchronous
Rectifier Control
R [ Vi
Level |
s —D Shift DL
= L— BeND
Figure 3. Si786 Controller Block Diagram
Soft-Start If ON3 or ONs are left low, the respective capacitor is

discharged to GND. Leaving the §8 SS pins open will

To slowly bring up the 3.3-V and 5-V supplies, conne(i(fause glther controller to reach the terminal over-current
evel within 10us.

capacitors from S$and S§to GND. Asserting ORlor
ONj starts a 4+A constant current source to charge these

capacitors to 4 V. As the voltage on these pins ramps #nft start helps prevent current spikes at turn-on and
so does the current limit comparator threshold, to increaakbows separate supplies to be delayed using external
the duty cycle of the MOSFETS to their maximum levelprogrammability.

Siliconix 11

S-51155—Rev. B, 20-Nov-96
New Product



Si786 TEMIC

Semiconductors

Synchronous Rectifiers so that the body diode in the low-side MOSFET is not
forced to conduct.

Synchronous rectification replaces the Schottky rectifier

with a MOSFET, which can be controlled to increase thaYnchronous rectification is always active when the
efficiency of the circuit. Si786 is powered-up, regardless of the operational mode.

When the high-side MOSFET is switched off, theGate'D”Ver Boost
inductor will try to maintain its current flow, mvertmgthe.l.he high-side n-channel drive is supplied by a

inductor’s polarity. The path of current then becomeStgﬁ/ing—capacitor boost circuit (see Figure 4). The

cmqu;\t ”‘.ﬁ‘di of thteh Sch?ttkty d'Ode.’t 'nd_ll_ﬁtoé.agd rl]oa apacitor takes a charge from ¥nd then is connected
\(l)vsl(i/ V}” N adrge Ite ou p(; capacrl]_o[]. N tl'ct; ? as fom gate to source of the high-side MOSFET to provide
-V lorward voltage drop, which —contributes ?ate enhancement. At power-up, the low-side MOSFET

2?””'&".‘? am_?urr]lt_ of Ipowgr_ loss, ﬁefre.?ﬁ'tnhg eSﬁlﬁlet?lf ulls LX_ down to GND and charges the BST_ capacitor
OW-SICE SWITCh IS placed In paraflel wi € >cho onnected to 5 V. During the second half of the oscillator

diode and is turned on just after the diode begins ?/cle, the controller drives the gate of the high-side

conduct. Because thggion) of the MOSFET is low, the r%/@SFET by internally connecting node BST_ to DH_.

.l*R voltage ‘;'f'fo_p wil n_lc_);[] bel as ""?(rjge as :_f;_e d'.Oder’]V\;h'C his supplies a voltage 5 V higher than the battery voltage
increases efficiency. The low-side rectifier is shut off '\, gate of the high-side MOSFET.

when the inductor current drops to zero.

Oscillations on the gates of the high-side MOSFET in
Shoot-through current is the result when both thdiscontinuous mode are a natural occurrence caused by
high-side and rectifying MOSFETSs are turned on at ththe LC network formed by the inductor and stray
same time. Break-before-make timing internal to theapacitance at the LX_ pins. The negative side of the
Si786 manages this potential problem. During the timBST_ capacitor is connected to the LX_ node, so ringing
when neither MOSFET is on, the Schottky is conductingt the inductor is translated through to the gate drive.

BATTERY
INPUT

\%9 +
w 7
BST_ L

Level
Translator

I
L
¥
T

PWM LX

VL [ AT

DL_ | E

Figure 4. Boost Supply for Gate Drivers
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Operational Modes

PWM Mode Oscillator and SYNC

. There are two ways to set the Si786 oscillator frequency:

The 3.3-V and 5-V Buck controllers operate i . : : .
continuous-current PWM mode when the load deman%’g using an external SYNC signal, or using the internal
Scillator. The SYNC pin can be driven with an external

more than approximately 25% of the maximum curre ; )
: ; OS level signal with frequency from 240 kHz and
(see typical curves). The duty cycle can be approximat 0 kHz to synchronize to the internal oscillator. Tying

as Duty_Cycle =¥ur/Vin.- SYNC to either Y or GND sets the frequency to 200 kHz
and to REF sets the frequency to 300 kHz.

In this mode, the inductor current is continuous; in the

first half of the cycle, the current slopes up when th@peration at 300 kHz is typically used to minimize output

high-side MOSFET conducts and then, in the second habssive component sizes. Slower switching speeds of

slopes back down when the inductor is providing enerd300 kHz may be needed for lower input voltages.

to the output capacitor and load. As current enters the

inductor in the first half-cycle, it is also continuing

through to the load; hence, the load is receivinlgnternal VL and REF

continuous current. from 'the |n(qutor. By using th'% 5-V linear regulator supplies power to the internal logic
method, output ripple is minimized and smaller

f factor induct b d.Th Ut it Gircuitry. The regulator is available for external use from
orm-factor inductors can be used. The output capacitor s\, " aple to source 5 mA. A 4, capacitor should

ESR has the largest effect on output ripple. It is typicall connected between Vand GND. To increase
under 50 mV, the worst case condition is under light lo iciency, when the 5 V switching supply has voltage

with higher input battery voltage. greater than 4.5 V, Vis internally switched over to the
output of the 5-V switching supply and the linear
regulator is turned off.

Pulse-Skipping Mode
The 5-V linear regulator provides power to the internal

When the load requires less than 25% of its maximum, tRe3-V bandgap reference (REF). The 3.3-V reference can
Si786 enters a mode which drives the gate for one clo€KPPly 5 MA to an external load, connected to pin REF.
cycle and skips the majority of the remaining cycle$€tween REF and GND connect a capacitor, @l2flus
Pulse-skipping mode cuts down on the switching losseksitF per mA of load current. The switching outputs will

the dominant power consumer at low current levels. ~ Vary with the reference; therefore, placing a load on the
REF pin will cause the main outputs to decrease slightly,

within the specified regulation tolerance.
In the region between pulse-skipping mode and PWM
mode, the controller may transition between the twg, and REF supplies stay on as long as V+ is greater than
modes, delivering spurts of pulses. This may cause thes v, even if the switching supplies are not enabled. This
current waveform to look irregular, but will not Overlyfeature is necessary when using the micropower
affect the rlpple VOltage. Even in this transitional mOd%gL”ators to keep memory alive during shutdown.
efficiency will stay high.

Both linear regulators can be connected to their

respective switching supply outputs. For example, REF
Current Limit would be tied to the output of the 3.3 V andtw 5 V. This

will keep the main supplies up in standby mode, provided

The current through an external resistor, is constantﬁpat each load current in shutdown is not larger than 5 mA.

monitored to protect against over-current. A low value

resistor is placed in series with the inductor. The voltageault Protection

across it is measured by connecting it between CS_ and

FB_. If this voltage is larger than 100 mV, the high-sid&he 3.3 V and 5 V switching controllers as well as the
MOSFET drive is shut down. Eliminating over-currentcomparators are shut down when one of the linear
protects the MOSFET, the load and the power souraegulators drops below 85% of its nominal value; that
Typical values for the sense resistors with a 3-A load wils, shut down will occur when V< 4.0 V or REF <

be 25 nf2. 2.8 V.
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Si786 TEMIC

Semiconductors

Design Considerations

Inductor Design V rer

Cr > Vo) Red@) @)(GBWP)

and,
Three specifications are required for inductor design:

inductance (L), peak inductor currentdgak), and coil (Vour)(Red
resistance (R. The equation for computing inductanceESR < —O\U/TREF <
is:

Where: G = Output filter capacitance (F)
(VouD(V -V VReg = Reference voltage, 3.3 V;
L = ot ( A OUT) VouT = Output voltage, 3.3V or5V,
(Vinawo ) oun(LIR) Rcs = Sense resistofY);
GBWP = Gain-bandwidth product, 60 kHz;
ESR:F = Output filter capacitor ESRJ).

Where: \pyt = Output voltage (3.3 V or 5 V);
Vin(max) = Maximum input voltage (V);

f= Switching frequency, normally Both minimum capacitance and maximum ESR

300 kHz: requirements must be met. In order to get the low ESR,
louT = Maximum dc load current (A); a capacitance value of two to three times greater than the
LIR = Ratio of inductor peak-to-peak ac required minimum may be necessary.
current to average dc load current, typically

The equation for output ripple in continuous current

0.3. mode is:

1
VOUT(RPL) = ILPP(MAX) X (ESR:F + )
2xMxfxC
When LIR is higher, smaller inductance values are ( "

acceptable, at the expense of increased ripple and higher . N o
losses. The equations for capacitive and resistive components of

the ripple in pulse-skipping mode are:

The peak inductor current|fdeak) is equal to the _ (@AoHw) 1 1
steady-state load currentp(J7) plus one half of the Vourre(C) = (RA(CH X (VOUT + VIN_VOUT)
peak-to-peak ac current fp). Typically, a designer will

select the ac inductor current to be 30% of the steady-state

current, which gives_beak equal to 1.15 timegUr. (0.02ESR.p)
VOUT(RPL)(R) = T R<
CS
The equation for computing peak inductor current is:

The total ripple, VbuT(rpPL), Can be approximated

(VOUT)(VIN(MAX) _VOUT) as fOHOWS
MWL)V if VourrpL(R) < 0.5 VoutrpL(C),
Viwano) then Vout(reL)= VouT(rrLAC),
otherwise, \but(rpL) = 0.5 VouT(rpL(C) +
VoutrprLYR).

I ipeak = lour

Lower Voltage Input

OUtpUt CapaCItors The application circuit shown here can be easily modified
to work with 5.5-V to 12-V input voltages. Oscillation
frequency should be set at 200 kHz and increase the

The output capacitors determine loop stability and rippleutput capacitance to 660F on the 5-V output to

voltage at the output. In order to maintain stabilitynaintain stable performance up to 2 A of load current.

minimum capacitance and maximum ESR requiremen®peration on the 3.3-V supply will not be affected by this
must be met according to the following equations: reduced input voltage.
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