S/IERGY

Application Note: AN _SYRS827/SYRS828

High Efficiency 5.5V, 6A, 2.4MHz

I’C Programmable, Synchronous Step Down Regulator

Preliminary Specification

General Description

SYR827/SYR828 is a high efficiency 2.4MHz synchronous
step down DC/DC regulator IC capable of delivering up to
6A output currents. It can operate over a wide input voltage
range from 2.6V to 5.5V and integrate main switch and
synchronous switch with very low Rpg (on) to minimize the
conduction loss. The output voltage can be programmed

from 0.7125V to 1.5V through I°C interface.

SYR827/SYR828 is in a space saving, low profile

CSP1.56*1.96-20 package.

Ordering Information

SYR827/801(0O O)O1
Temperature Code
Package Code
OptionalSpec Code
Ordering Number Package Type Note:
SYR827PKC CSP1.56*1.96-20 0x40H

SYR828PKC

CSP1.56%1.96-20 | Ox4IH

Features

Input voltage range: 2.6V to 5.5V

2.4 MHz switching frequency minimiz‘esQ external
components A

Typical 65uA quiescent current ‘Q

Low Rpg(on) for internal sw1tc]&6PFETfN FET):
28m€/17mQ

Programmable Outpl}@;@e 0.7125V to 1.5V in

12.5mV steps

6A contlnuou%s?& current capability.

Capable f
Capac1tor

H inductor and 22uF Ceramic

Hic- @ode protection for hard short condition
Compliant and Halogen Free
pact package: CSP1.56*1.96-20

QAppllcatlons

Smart-phone
Web-tablets

=

Typical Applications OQ
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Figure 1. Schematic Diagram
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Figure2. Efficiency
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Pinout (top view)
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Part Number Package type Top Mark®
SYR827PKC CSP1.56*1. Ab xyz
SYR828PKC CSP1.56%1.9620 Bce xyz

Note@: x=year code, @ code, 7= lot number code.

Pin Pin Name | Pin Descrﬁ
DI1,D2,E1,E2 VIN Po r@ut pin. These pins must be decoupled to ground with at least
22§ramic capacitor. The input capacitor should be placed as close as
ossible between VIN and GND pins.
D3,D4,E3,E4 SW | ‘Switching node pin. Connect these pins to the switching node of inductor.

B2,B3,C1,C2,C3,C4 | GND Power ground pins.

Al VS Voltage select pin. When this pin is low, Vour is set by the VSELO register.
6 When this pin is high, Voyr is set by the VSELI register.

A2 /‘RN Enable control pin. Active high. Do not leave it floating.

Bl DA I°C interface Bi-directional Data line.

B4 AGND Analog ground pin.

A3 SCL I°C interface clock line.

A4 VOUT Sense pin for output. Connect to the output capacitor side.

N
N

<
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Absolute Maximum Ratings ot 1)
VIN 6.0V
All Other Pins ViN+ 0.6V
Power Dissipation, Pb @ Ta= 25°C CSP1.56*1.96-20 2.6W
Package Thermal Resistance (Note 2)

0 1a 38°C/W

0 15 8°C./V)Q
Junction Temperature Range 5 C’S
Lead Temperature (Soldering, 10 sec.) C
Storage Temperature Range —6% 50°C
Recommended Operating Conditions (ot 3)
Supply Input Voltage 2.6V to 5.5V

Junction Temperature Range
Ambient Temperature Range

-40°C to 125°C

-40°C to 85°C
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Electrical Characteristics
(Vin=5V, Vour= 1.0V, L =0.25uH, Cout = 22uF, Ta=25°C, unless otherwise specified)

Parameter Symbol Test Conditions Min | Typ | Max | Unit
Input Voltage Range Vin 2.6 5.5 \
Vin UVLO Vuvio Vv Rising 2.45 2.55 \"
Vv UVLO Hysteresis VuvHYST 150 mV
Quiescent Current Iy Iour=0, EN=1, FB=105%*VRgr 65 ® LA
Shutdown Current IsgpN ww EN=0 0.1 A
Ision sw | EN=Vpn, Buck ENx=0 30 K

EN, VSEL, SDA, SCL
Rising threshold Viu 1.1 A%
Falling threshold Vi 0.4 \4
Vout Accurac Forced PWM, Vour=VSELO,

! Vrea default value %5 1.3 %
NFET Rpson Rpsionn 17 mQ
PFET RDS(ON) RDS(ON)P 28 mQ
PMOS peak current limit I PEAK 7.5 A
NMOS peak current limit Iimv vaLLEY 6 A
Internal soft-start time tss 300 us
Min on time 40 ns
Oscillator Frequency Fosc 2.4 MHz
Thermal Shutdown Temperature Tsp 150 °C
Thermal Shutdown Hysteresis Thys 15 °C
LX node discharge resistor Rpsu ’ 150 Q
Input OVP shutdown v m threshold 6.15 \%

OVP_[\Falling threshold 55 | 585 Vv

Over voltage protection
blanking tiz(rgnep TB]"’ki'b 20 us

Nz

Note 1: Stresses beyond the “Akﬁlﬁdaximum Ratings” may cause permanent damage to the device. These are
stress ratings only. Functional o 1ion of the device at these or any other conditions beyond those indicated in the
operational sections of the spe€ification is not implied. Exposure to absolute maximum rating conditions for
extended periods may affe&ce reliability.

Note 2:0JA is mea ured 1n the natural convection at T, = 25°C on a low effective single layer thermal conductivity
test board of JED Eﬂ 3 thermal measurement standard.

Note 3: Th is not guaranteed to function outside its operating conditions.

%\

AN _SYRS827/SYR828Rev. 0.1 Silergy Corp. Confidential- Prepared for Customer Use Only 4



&
’ AN_SYR827/SYRS28

SIIERGY

Enabling Function

The EN pin controls SYR827/SYR828 start up. EN pin low to high transition starts the power up sequence. If EN
pin is low, the DC/DC converter will be turned off.

SYR827/SYR828 allows software to enable of the regulator when EN is HIGH, via the BUCK EN bits.
BUCK_ENO and BUCK_ENI are both initialized HIGH in the registers.

Hardware and Software Enable control table.

Pins Bits
EN VSEL BUCK_ENO BUCK _ENI OUTPUT™,_

0 X X X QF

1 0 0 X [

1 0 1 X ON

1 1 X 0 OFF

1 1 X 1 ON

Input Over Voltage Protection Function &O

When the V| exceeds over voltage protection threshold, SYR827/SYR82é’l 1 stop switching to protect the
circuitry. An internal 20us blanking time helps to prevent the circuit from sl{ ing down due to noise spikes.

I>C Interface Q(b
<

SYR827/SYR828 features an I°C interface that allow the HO &pcessor to control the output voltage achieve the
DVS function. The I’C interface supports clock speed (&p to 3.4MHz and uses standard I°C commands.
SYR827/SYR828 always operates as a slave device, and is ‘addressed using a 7-bit slave address followed by an 8"
bit, which indicates whether the transaction is a read-¢ géﬁon or a write-operation. I’C address of the SYR827 is
set at the factory to 0x40h, the SYR828 is set to 0x4 Lh:

START and STOP Conditions: 6
SYRS827/SYRS828 is controlled via an I>’C ible interface. The START condition is a HIGH to LOW transition
of the SDA line while SCL is HIGH. Thg P condition is a LOW to HIGH transition on the SDA line while SCL

is HIGH. A STOP condition must b t before each START condition. The I°’C master always generates the
START and STOP conditions.

éSDAI—_jI /_ﬁ_\ I—;—I_
I I - I I
C/O et N UTI_

L — 4 L — 4

START STOP

% } CONDITION CONDITION

Data Valig‘i&;
The d the SDA line must be stable during the HIGH period of the SCL, unless generating a START or STOP
C(%' . The HIGH or LOW state of the data line can only change when the clock signal on the SCL line is LOW.

soa / X - \

|
I
I h
I

N

DATA LINE  CHANGE
STABLE | OF DATA |
| DATAVALID ALLOWED
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Acknowledge:
Each address and data transmission uses 9-clock pulses. The ninth pulse is the acknowledge bit (ACK). After the

START condition, the master sends 7-slave address bits and an R/W bit during the next 8-clock pulses. During the
ninth clock pulse, the device that recognizes its own address holds the data line low to acknowledge. The
acknowledge bit is also used by both the master and the slave to acknowledge receipt of register addresses and data.

Tacl! r————"

NN NN S
| MSE | | C}LV

START | ACKNOWLEDGE
FROM SLAVE
L -

Data Transactions:

All transactions start with a control byte sent from the I’C master device. The contr e begins with a START
condition, followed by 7-bits of slave address (1000000x for the SYR827,_1 2501 or the SYR828, this address

000
can be changed if necessary) followed by the 8" bit, R/W bit. The R/W bit i or a write or 1 for a read. If any
slave devices on the I°C bus recognize their address, they will acknowledg Qulling the SDA line low for the last
clock cycle in the control byte. If no slaves exist at that address or are n ady to communicate, the data line will
be 1, indicating a Not Acknowledge condition. Once the control byte i%nt, and SYR827/SYR828 acknowledges it,
the 2nd byte sent by the master must be a register address byte. T gister address byte tells the SYR827/SYR828
which register the master will write or read. Once the SYR8ZQ 828 receives a register address byte it responds

with an acknowledge. \
%

Write To A Register

DATA .

H ST®O'g |A| ACKNOWLEDGE | DRIVEN BY THE MASTER

%;S)TOP [N] NOACKNOWLEDGE | | DRIVEN BY THE SLAVE

. \/@
S

AN _SYRS827/SYR828Rev. 0.1 Silergy Corp. Confidential- Prepared for Customer Use Only 6



S/IERGY

AN_SYR827/SYRS28

Register Settings:

1. VSELO (0x00)

2
. :\\0

Register Name VSELO
Address 0x00
Field Bit R/W Default Description
Software buck enable. When EN pi;l&@&he
BUCK_ENO 7 R/W 1 regulator is off. When EN pin is high, _ EN bit
takes precedent.
MODEO0 6 R/W 0 0=Allow auto-PFM mode duri@?ﬂlt load.
1=Forced PWM mode
NSELO 5:0 R/W 010111 (Vour=1.0V) 000000 =0.7125V
000001 =0.725
000010 = 0.76;\/
...... %
01010‘§I .0000V
o
QI 111 =1.5000V
2. VSEL1 (0x01) N &
Register Name VSELL1
Address 0x01
Field Bit R/W %Mllt Description
Software buck enable. When EN pin is low, the
BUCK_ENI1 7 R/&O 1 regulator is off. When EN pin is high, BUCK_EN bit
takes precedent.
MODE1 6 W 0 0=Allow auto-PFM mode during light load.
1=Forced PWM mode
NSELL1 50" R/W 010111 (Vour=1.0V) 000000 =0.7125V

000001 =0.7250V
000010 =0.7375V

111111 =1.5000V

AN_SYRS827/SYR828Rev. 0.1
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3. Control Register (0x02)

Register Name Control Register
Address 0x02
Field Bit R/W Default Description
Output 0 = discharge resistor is disabled.
) 7 R/W 1 ) ) ] .
Discharge 1 = discharge resistor is enabled. ’Q)r\
Slew Rate 6:4 R/W 000=10mV/0.15us Set the slew rate for positive Voltag@sﬁion&
000 = 10mV/0.15us @)
001 =10mV/0.3us 0
010 =10mV/0.6us %
011=10mV/1.2 O
100 =10mV/, .4&
101 = IO% s
110= 1@ 9.6us
lﬁ mV/19.2us

Reserved 3 R/W 0 @%ys reads back 0.

RESET 2 R/W 0 Setting to 1 resets all registers to default values.

Reserved 1:0 R/W 00 . Always reads back 0.

4. ID1 Register (0x03) e:Q

Register Name ID1 Register

Address 0x03

Field Bit R/}M Default Description

VENDOR 7:5 R 100 IC vendor Silergy code.

Reserved 4 R 0 Always reads back 0.

DIE ID G:O )] R 1000 IC option code

S
. \6
%\
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5. ID2 Register (0x04)
Register Name ID2 Register
Address 0x04
Field Bit R/W Default Description
Reverved 7:4 R 0000 Always reads back 0.
DIE REV 3:0 R 0001 IC mask revision code »
6. PGOOD Register (0x05) {_9
Register Name PGOOD Register
Address 0x05
Field Bit R/W Default Description
PGOOD 7 R 0 1: Buck is er@d and soft-start is completed.
Reserved 6:0 R 000 0000 AIP/\ eads back 0.
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Typical Performance Characteristics

Efficiency vs. Load Current

Efficiency vs. Load Current
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Short Circuit Protection Short Circuit Protection
(Vin=5.0V, Vour=1.0V, 1o=0A ~ short) (Vin=5.0V, Vour=1.0V, lo=6A ~ short)
T : z ‘
Vour 1V/div Vour 1V/div
I i | ¢ ! | it ¢
5A/div L | 5A/div

L .",_1

Time (2ms/div)

Dynamic Voltage Switch

(Vin=5.0V,0A Load,Vour=0.7125~1.5V,Slew Rate=10mV/0.15us)

Time (10ps/div) 00

Dynamic Vi e Switch
(Vin=5.0V,6A Load,VOUT=0.7&~ 8Y,Slew Rate=10mV/0.15ps)

0 uP

Vour 0.5V/div

%\ L SAY

Time (10us/div)

1

&T@Q(zms/div)
éynamic Voltage Switch

(V.N=5Q@_03d,vou7=0.7125~1 .5V,Slew Rate=10mV/19.2ps)
] B g

Time (400us/div)

Dynamic Voltage Switch
(Vin=5.0V,6A Load,Vour=0.7125~1.5V,Slew Rate=10mV/19.2yis)

0o 0

: Vour 0.5V/div

I 5A/div

Time (800us/div)
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Output Ripple
(Vin=5.0V, Vour=1.0V, 1o=6.0A)

AVour 50mV/div
doooa ot o4 A g

2V/div
A B Mo NN
I IR ( |
| 1NN

| il 1 ‘ } | L .
N S

’”ﬂw%/“wr"‘%r"; o e i C))Qr
L

Vi
yLx N

=

5A/div

Time (400ns/div) e'
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. average input current. The inductance is
Operatlon ) . ) calculated as:
SYR827/SYR828 is a high efficiency 2.4MHz

synchronous step down DC/DC regulator IC capable
of delivering up to 6A output currents. It can operate
over a wide input voltage range from 2.6V to 5.5V
and integrate main switch and synchronous switch
with very low Rpg (on) to minimize the conduction
loss. The output voltage can be programmed from
0.7125V to 1.5V through I°C interface.

Applications Information

Because of the high integration in SYR827/SYRS828,
the application circuit based on this regulator IC is
rather simple. Only input capacitor Cp, output
capacitor Coyr, inductor L need to be selected for the
targeted applications.

Input capacitor Cin
This ripple current through input capacitor is

calculated as:

This formula has a maximum at Vin=2XVgur \J\
COHditiOn, where ICINiRMS:IOUT/Z' 60
With the maximum load current at 6A, a i 5R

or better grade ceramic capacitor with rating
and greater than 22uF capacitance ¢ andle this
ripple current well. To minimiz @0tential noise
problem, place this ceramic ca(@r really close to

the VIN and GND pins. Care should be taken to
minimize the loop area for% y Cv, and VIN/GND
pins.

Output capacitor Q

Both steady sta‘%ripple and transient requirements
must be ta into account when selecting this
capacitor, (ﬁo the best performance, it is

d to use X5R or better grade ceramic

reco
cz% with 6.3V rating and more than one 22pF

capacitor.

Output inductor L:

There are several considerations in choosing this

inductor.

1) Choose the inductance to provide the desired
ripple current. It is suggested to choose the ripple
current to be about 40% of the maximum

Q achieve the desired efficiency requirement. It is

ICleRMS:IOUT x/D(1-D) (A) x
"

L= Vour (1= Vour / VINfMAX ) (H)
gy % IOUTiMAX x40%

where Fgy is the switching frequency and IOUT_Q

is the maximum load current. ‘Q\'

SYR827/SYR828 is less sensitive G}ue ripple

current variations. Consequently, th%ﬂl choice of

inductance can be slightly off tlb culation value
t

without significantly impact;m%i erformance.

2) The saturation currerugating of an inductor must

be selected to ggz;@t e an adequate margin to
c

the peak indu current under full load
conditions.

Isat, M @T, MAX
‘b&

3) QCR of the inductor and the core loss at the
witching frequency must be low enough to

+ Vour(1-Vout/Vin,max)
2 [Fsw L

with
overall

desirable to choose an inductor
DCR<15m€) to

efficiency.

achieve a good

Layout Design:
To achieve a higher efficiency and better noise

immunity, following components should be placed
close to the IC: Cp, L, Cour.

1) It is desirable to maximize the PCB copper area
connecting to GND pin to achieve the best thermal
and noise performance. Reasonable vias are
suggested to be placed underneath the ground pad to
enhance the soldering quality and thermal
performance

2) The decoupling capacitor of VIN and GND must
be placed close enough to the pins. The loop area
formed by the capacitors and GND must be
minimized.

3) The PCB copper area associated with SW pin must
be minimized to improve the noise immunity.

4) The feedback trace connecting Cqyr to the VOUT
pin must NOT be adjacent to the SW node on the
PCB layout to minimize the noise coupling to VOUT
pin.
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PCB Layout Suggestion
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CSP1.56%1.96-20 Outline Drawing
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