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Excelliance MOS Corporation EM5845

5V, 3.5A, 1MHz, High Efficiency COT Mode Synchronous Buck Converter

General Description Applications
The EM5845 is a high efficiency synchronous buck converter. ®  Notebook & Tablet
It can support 3.5A continuous output current. The constant PY Graphic Cards & MB
on-time control provides fast transient response and allows a PY Low Voltage Logic Supplies
small footprint when designed all ceramic output capacitors. ° Chipset Supplies
Other features include internal soft-start, under-voltage ° Server System
protection, over-voltage protection, cycle-by-cycle current ° SMPS Post Regulators
limit and thermal shutdown function. With aforementioned
functions, these parts provide customers a compact, high Pin Conflguratlon
efficiency, well-protected and cost-effective solutions. These
parts are available in DFN3X3 package. SW 1_| ST : [_16 VIN
- d
il ik
sw 2! L 9] VIN
T_l i -
Ordering Information SW r% i GND 1_81 vee
Part Number Package Remark POK 4_| L7 NC
Diode o .
EM5845VT DFN3X3-10L Emulation EN [5! i rl_ FB
Mode -

Features
Typical Application Circuit

Constant On Time Control

2.7V to 5.5V Operating Input Range

0.6V, 1% Voltage Reference Accuracy NN

Up to 3.5A Output Current

VCC

POK

Stable with Low ESR Output Ceramic Capacitors VIN

> VIN
Default 1 MHz frequency operation 10uF L VIN sw

Internal Soft Start / Soft Sto EN 1.2uH
/ P EMS845 g -
80m and 40m Internal Power MOSFET Switches d

—| EN gnppaD FB

|

Output Under Voltage Protection =

Cycle-by-Cycle Current Limit

Output Over Voltage Protection

Power Good Indicator for Power Sequence Control

Available in a DFN3X3 Package
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Excelliance MOS Corporation EM5845

Pin Assignment

Pin Name| Pin No. Pin Function
SW 1,2,3 |Switching node output. Connect to external inductor.
PGOOD 4 Power Good Indicator. Requires external pull-up resistor.
EN 5 Enable. Pulling this pin lower than 0.4V disables the converter.
FB 6 Feedback Voltage. A resistor divider from the output to GND is used to set the
regulation voltage.
NC 7
VeC 8 Supply Voltage. This pin provides the bias supply for the EM5845. Ensure that a
decoupling capacitor is placed near the IC.
VIN 9,10 |Main Power Conversion Input & Gate driver voltage supply.
GND 11 Ground. The GND pad must be soldered to a large PCB and connected to GND for
PAD maximum power dissipation and better noise immunity.

Function Block Diagram

b
Soft Start P— POR )—‘

orp
\ | Gate
FB []— PWHN control :I
0.6V — / logic SW
VCC [] 60% Viref
FB
FB ] GND
130% Vrefl
EN E‘]——>_ _ 110% Vref
Shutdown
0.4V FB 1:| POK

FB
90% Vrel
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Excelliance MOS Corporation EM5845
Absolute Maximum Ratings (note1)
® Vi -0.3V to +6.0V
L 7 -0.3V to +6.0V
® VSW - -0.3V to +6.0V
S ] R e e LT LR L L -2.5V to +9V
® EN,VFB,PG -0.3V to +6.0V
® Package Thermal Resistance,B;,,DFN-10L 3X3 -------mmmmmmmmmmmmimie e 70°C/W
® Power Dissipation, PD @ TA = 25°C, DFN-10L 3X3 1.45W
@ Junction Temperature----------=-mmemmmmm s - 150°C
® Lead Temperature (Soldering, 10 sec.) 260°C
® Storage Temperature ----------- --- ---- e e -65°C to 150°C
® ESD susceptibility (Note3)
HBM (Human Body Mode) 2KV
MM (Machine Mode) 200V
Recommended Operating Conditions notes)
® Control Voltage, V¢, Vin - +2.7V to +5.5V
® Junction Temperature R R -40°C to 125°C
® Ambient Temperature -- -40°C to 85°C

Electrical Characteristics
Vin=5V, Ta=25°C, unless otherwise specified

Parameter Symbol Test Conditions Min | Typ Max | Units
Supply Input Section
Vcc Shutdown Current Isp V=0V 0.1 uA
Supply Voltage Vin 2.7 5.5 Vv
Power Voltage Vcc 2.7 5.5 Vv
VCC Quiescent Current Icq 700 uA
VIN Quiescent Current nQ 100 | uA
Power on Reset Threshold uvLO VIN&VCC wake up 22 | 24 | 2.6 Vv
Power on Reset Hysteresis UvLO 0.3 \
Enable
Enable High Voltage VEN_H 1.2 V
Enable Low Voltage Ven 1 0.4 Vv
Enable Input Current Ven=2V 2 uA
Ven=0V 0 uA
Switching Frequency
Frequency Fs Vin=5V, Vour=1.2V, loyr=1A 0.8 1 1.2 | MHz
Min. Off Time Torr 50 | 100 | 150 ns
Switch
High Side MOS ON Resistance  |Ron ks 80 mQ
High Side MOS Current Limit lcL 4.8 A
Low Side MOS ON Resistance Ron s 40 mQ
Reference Voltage
Internal Reference Veer | l0.594] 0.6 |0.606] V
2016/02/24

A2 3



N A AR A R )

Excelliance MOS Corporation EM5845
POK
POK Upper Trip Threshold Vpoku 110 %
POK Lower Trip Threshold Vpokt a0 %
POK Delay To pok 1 ms
POK Leakage Current IL_pok 1 uA
Protection section
FB Under Voltage Protection Ves_uve |FB falling 50 60 70 %
UVP delay time To uve 7.5 10 us
FB Over Voltage Protection Ves ovp  |FB rising 120 | 130 | 140 %
OVP delay time To ovp 7.5 10 us
Soft-Start Interval Tss 0.6 1 2 ms
VOUT Discharge Resistance 100 Q
Thermal Shutdown Tso 150 T
Thermal Shutdown Hysteresis  |Tsp nys 30 T
Note 1. Stresses listed as the above “Absolute Maximum Ratings” may cause permanent damage to the device. These are for

stress ratings. Functional operation of the device at these or any other conditions beyond those indicated in the operational

sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may remain

possibility to affect device reliability.

Note 2. 0, is measured in the natural convection at T,=25°C on a 4-layers high effective thermal conductivity test board with
minimum copper area of JEDEC 51-7 thermal measurement standard.

Note 3. Devices are ESD sensitive. Handling precaution is recommended.

Note 4. The device is not guaranteed to function outside its operating conditions.

Reference Values of Feedback Networks and output LC filter combination

Ay
| D0E
= 10w

VIN 28]
2.2 L 1.5u

WTFWM\T‘ VO W
A3V or 5V N

04Tn 2w
FE
I | G

» EN Trermal WO
PAD

VOLUT .05V

VOUT(V) | R1(kQ) | R2(kQ) L (uH) COUT (uF) *CFF(pF)
3.3 37 8.2 2.2 a4
1.8 16.5 8.2 1.5 22
1.2 8.2 8.2 1.5 22 22p~470p
1.05 6.2 8.2 1.5 22
1 5.6 8.2 1.5 22

* CFF is chosen for improving the transient load response
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Excelliance MOS Corporation

Typical Operating Characteristics

Ta=25C, Cin=10uF,Cour=22uF, L=1.5uH

EM5845

Power ON from VCC Power ON from VIN
CH1:VCC, CH2:SW, CH3:VO CH1:VIN, CH2:SW, CH3:VO

\ ( g

\
0

\

|

| I I
Measure P1rige(C4) P2freq(C1) P3--- P4--- P5:-- PG---  Measure P1rise(C4) P2freq(C1) P3--- P4--- P§--- Pg---
value value

a &

status

Power On from Enable
CH1:EN, CH2:SW, CH3:VO

status

| hase  -1.22mg
2,00 Vidiy n /
2180V ofs

1.5

No Load Soft-Stop
CH1:EN, CH2:VO, CH3:PG

24 oo S | B | ! LeCroy]
: 1 Tt <
M N\, |
o I, o —
| | I
] |
= | | ] L
Measure P1rise(C4) P2fteq(C1) P3--- P4 P5:-- PG - Measure P1mean(C1) P2--- P3:-- P4--- P§:-- Pg---
value value 253y
status a
base  -1.22
0 5.00msfdiv| Normal
125M8 500MS 100MSisfEdge N
K= 10.00174ms &%= -20.12936ms
K2= -10.03762ms 1ii%= -49.67868 Hz
Power Off from VIN Power Good Signal when Power On
CH1:VIN, CH2:PG, CH3:VO,CH4:VIN CH1:VIN, CH2:VO, CH3:PG
W \
2
A [
Measure P1:mean(C1) P2:-- P3--- P4 P& i Measure P1rise(C4) P2freq(C1) P3:-- P4--- P§:-- Pg:--
value value
&

status

status
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Excelliance MOS Corporation EM5845
VIN=VCC 3.3V Power On Output Voltage Ripple
CH1:VIN, CH2:Vo, CH3:PG CH1:VIN(ac), CH2:Vo(ac), CH3:SW
VN MV ::1‘ il MV
B : ‘ L o A
2 AL ::::::::::::::::mmm
|

=

¥ 1 A A RO

& 9 % % i i I Measure P1:mean(C1) P2-- P3:-- P4--- P5:-- PB:--
value
i status
Measure Plise(Cy)  Pfeq(Cl) P Pi:-e P P~ Tl T
value 0 ;
status i i

1A to 4A Transient Response Light Load to Heavy Load Transition
CH1:SW, CH2:Vo(ac), CH4:lo CH1:SW, CH2:Vo(ac), CH4:lo
. Ly | e
[i j / ! ! | | @‘ ‘0>[ i le
T i R et m N R I | i reama 08
AT U e R -\ e e e T S I AT ] O NN N NN NN N NN N NN
; I ranranangune wm
Measure P1:mean(C1) P2--- P3:--- Pg--- P--- P -- ‘ I B T A G O A | ‘
value |
balls Measure P1:mean{C1) P2--- ' P3--- P4--- P5--- PG---
value
status :
)i}
No Load Operation Normal Load Operation
CH1:SW, CH3:Vo(ac), CH4:lo CH1:VIN, CH2:SW, CH4:IL
|

| '  LeCroy | : , : , , | %
e VIV

8/16

Q%A
5

[ [ W
sl - :
- ' T ' ' ) ' ) ' ' ! ! |
L ! |
i )
Measure P1:mean(C1) P2--- P3--- P4--- P4=-- PG--- Measure P1:mean(C1) P2--- P3--- P4--- P&~ PG---
value 943my value
status v status

50.0 my.

¥i= 547985 % 00ns
¥= 54798 ) T

04119ms
X2= 4.65027ms 1i8%= 328819 Hz
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Vo Pre-Short Protection
CH1:VCC, CH3:PG, CH4:IL

\/c' o

EM5845

Vo Over Load Protection
CH1:EN, CH2:Vo,CH3:PG, CH4:lo

" 1
d
[
| —
ol
-
,i'L
| ! | |
A
Measure P1:mean(C1) P P3-- Py Pg:-- PG Measure Plmean(C1) P2z P3:-- Pl P§--- Pg--
value 3560V valug 490V
status v

status v

2,00 Vidy|
2300V ofst

) 1.319352ms
Ki= 1.425460ms 1= 767.948Hz

Vo Over Voltage Protection
CH1:SW, CH2:PG, CH3:Vo,CH4:VIN

500 midiv

5.00 Vidiv
950 Voffse

4,95V offset

-720.0000ps &%= 1.9999996ms
K2= 1.2799996ms 1i%=  500.0001 Hz

Over Temperature Protection
CH1:Vo, CH2:SW, CH3:PG, CH4:lo

[ —
| LeCroy| | LeCroy!
l % |
| i P e s pymn rmverEn (SR RCP Y 50 K5 AR
4l | |
: ; : ; : Y0 -
7 A D DA AU N NN SUNINE R S S , | i
a ' | w
[ W . .
I ‘}’___ | 0 B
ci| oo RS IR SN S S N | N |
l A | | I
Measure Ptmean(C1) P2 P3:-- P P PG--- Measure P1ifeg(C1) P2freq(C1) P3:-- P4 Pg--- PG:--
value KAEYY value
status i )

5,00 iy
1440V ofst
50 mV

Ei[]-m\! .
6.0

1.00 Aldiv

9800Vois| 301040 5001

1460

2660V

100% I T ||||| 100%
5% : 95% — H
0 o - \ 0, g =~ [ \
50% - 90% =
-1 / — [ N
. Y NN
854! —_—— 854,
. 1 NN
£ 75% £ 75
g 0 / 3 N
o 70% S 0%
7 £ 65%
60% Y e
35% Vo=1.2v 55%
50% 0, i
9 Vos1.8v 20 ——VY0=1.05v
o Vo=3.3V 45% 1
i —\0=1.8V
40% 40%
0.01 0.1 1 10
Output Current (A) 0.01 0.1 Qutput Current (A) 1 10
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Excelliance MOS Corporation

3.3V to 1.8V, 3A, CFF=100p

Cross frequency 59kHz, Phase Margin 53°

. dlll g ;
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1k Frequency 1™ ® G
1k Frequency 1™
5V to 1.05V, 3A, CFF=100p 3.3V to 1.05V, 3A,CFF=100p
Cross frequency 80kHz, Phase Margin 45° Cross frequency 76kHz, Phase Margin 40°
o 8 ‘ @ 8
IS | il
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1k Frequency 1™ 1k Frequency 1™

2016/02/24
A2 8

EM5845

5V to 1.8V, 3A,CFF=100p
Cross frequency 58kHz, Phase Margin 49°
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Reference Voltage VS. Temperature

EM5845

UVLO Threshold VS. Temperature

0.650 26
0.640 25
0.630 S 24
0.620 o
5 2.3
= 0610 2
s 522
£ o600 £
s 2.1
i 0.590 9
5 >
[T} =) 2
& 0580 e UVLO ON
g 19
0.570 e JYLO OFF
0.560 18 * *
40 20 0 20 40 60 80 100
0.550 o
40 20 0 20 40 60 80 100 120 140 Temperature (C)
Temperature ("C)
Output Voltage with Load VS. Temperature Switching Frequency VS. Temperature
125 1.40
124 —0A 135
1.23 —1A 4 g 1.30
W, A1 T 125
& c
g12 —_— b 1.20
2 12 S 115
o s
gl‘lg —— —— = S=—— E""—..._: %ﬂ 1.10
3 118 ——— £ 105
117 3 100
V]
1.16 0.95
115 0.90
-40 -20 0 20 40 60 80 100 -40 -20 0 20 40 60 80 100
Temperature () Temperature ()
Enable Threshold VS. Temperature VCC Shutdown Current VS. Temperature
1.00 005
5 090 ===
= — "-'—-—_____‘__‘ —_
2 0.0 — S 020
3 —— = [~
g = Prd
£ 0.60 g 0.15 //
0.50
¥ z _—
£ 040 3 0.10
S 5
w 0.30 ﬁ
e
E 0.20 =N Low Level g 005
“ 0.10 ——EN High Level
0.00 0.00
40 20 0 20 a0 60 20 100 -40 -20 0 20 40 60 80 100
Temperature ('C) Temperature (C)
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Functional Description

Theory of Operation

The EM5845 is a step-down dc-dc regulator that
uses pseudo-fixed frequency constant-on-time
control architecture with integrated high-side
switch and low-side synchronous rectifier. The high
switch frequency and tiny 3X3-10 pin DFN package
enables the user to optimize the solution for
minimum board space and efficiency.

The buck regulator employs pseudo-fixed
frequency constant-on time control. This control
method allows fast transient response than
traditional current-mode control scheme thereby
reducing the total component count due to
lowering the size of the output capacitance.

Constant On-Time Control

The PWM control scheme used by constant
on-time control, the high side switch on-time is
determined by internal pulse generator. The pulse
period is determined by Vo and Vin information
from Vin and SW pin; the period is proportional to
output voltage and inversely proportional to input
voltage. The advantages of this control scheme are
such as fast transient response, without external
compensation and less output component count
than other control method.

Light Load Power Saving Mode

The EMS5845 offers an automatic pulse-skipping
mode in order to provide excellent light load
efficiency. The regulator senses the zero current
point when the low-side gate is turned on and
prevents the negative current flow by turning off
the low-side gate signal. This saves power by
eliminating re-circulation of the inductor current.
When the low-side MOS is turned off, the regulator
will enter discontinuous mode that reducing the
switching loss due to switching frequency
decreased. During this time, both power switches
are shut off, and the output capacitor supplies all
light load current. Because the output voltage dips
and recovers occasionally, the output voltage ripple
in this mode is larger than the ripple in the heavy
load operation.

EM5845

Soft-Start and Soft-Stop Function

The EM5845 has built-in soft-start function that
ramps up the output voltage at constant slew rate
to avoid output overshooting at start-up. The
internal soft-start time is typically about 1ms.

The output soft-stop operation is active when the
EN from high to low. An internal discharge resistor
typically 1002 is enabled in this condition to
discharge the output capacitor through SW pin.

Chip Enable

When the input voltage exceeds the under voltage
lockout (UVLO) threshold 2.4V typically, the
EM5845 will be enabled by pulling the EN pin high.
Leaving the EN pin floating or grounded will disable
the chip. There is an internal 1MQ resistor from the
EN pin to ground.

Input UVLO Protection on VCC and VIN

The EM5845 has input under voltage lockout
protection (UVLO), if the input voltage exceeds the
UVLO on threshold 2.4V typically, and there is
typically a 500us delay for internal circuit waking up
then soft-start begins. The device will shut off if Vcc
or Vin falls below UVLO level.

Current limit Protection

The EM5845 has a minimum 4.8A current limit
level for high side switch. If the internal high side
sensing current is above this level, the FET will stop
switching immediately and low-side FET will be
turned on until the current level drops below the
hysteresis window of current limit level.

Output Under-Voltage Protection

Output under-voltage protection works in
conjunction with the current limit protection. If the
FB voltage drops below 50% internal VREF, after a
delay of 7.5us, the converter will be latched off.
Under-voltage protection can be released by
toggling the EN/VIN or VCC.

Output Over-Voltage Protection

If the FB voltage above 130% internal VREF, after a
delay of 7.5us, the converter will be latched off.
Over-voltage protection can be released by toggling
the EN/VIN or VCC.

2016/02/24
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Functional Description

Power Good Indicator

The power good output is an open-drain output
which requires a pull-up resistor. When the output
voltage is 10% below the nominal voltage, PG is
pulled low. It is held low until the output voltage
returns to the nominal voltage. PG is held low
during soft-start and activated about 1ms after
output voltage reaches its regulation.

Over Temperature Protection

Over thermal protection limits the total power
dissipation in the device, when the junction
temperature exceeds 150°C, an internal thermal
sensor shut down the device and allowing the IC to
cooling down. The device will turn on again after
the junction temperature cools by 25C.

Switching Frequency Variation

The switching frequency varies with load current as
a results of the power losses in the MOSFETs and
the inductor. For a traditional PWM constant
frequency converter, as the load increases the duty
cycle also increases slightly to compensate for total
losses in the integrated MOSFETs and DCR losses in
the inductor. A constant on time control converter
must also compensate this kind of losses. The on
time is essentially fixed for a given Vo and VIN
combination, to compensate the losses the
off-time will tend to reduce slightly by constant on
time loop controlled as load increases. For this
reason, the switching frequency increases slightly
with increasing load.

Application Information

Input Capacitor Selection

The first objective in selecting input capacitors is to
reduce the ripple voltage amplitude seen at the
input of the converter. Ceramic capacitors placed
right at the input of the regulator reduce ripple
voltage. These capacitors must be placed close to
the converter input pins to be effective. High
quality ceramic input capacitor, such as X5R or X7R
and greater than 10uF are recommended for the
input capacitor due to more stable temperature

EM5845

characteristic.

The input ripple voltage of converter is decided by

the value of input capacitance. Input ripple voltage

AVin can be calculated by the following equation.
|O(Max) XVO

Cin ¥ Few XV

The RMS current rating of the input capacitor
should be larger than the following equation.

Algys = 1o x4/Dx(1—D)

Inductor Selection

For a given input and output voltage, the inductor
value and switching frequency determine the
inductor ripple current. The ripple current increases
with higher VIN and decreases with high
inductance, the lower the ripple current reduces
the core losses in the inductor, and output ripple
voltage. A good starting point for selecting the
ripple current is Al, <03e 1y, , so the inductor

AV =

value should be chosen according to the following
equation:

L=(— Yo

Jel- o)

Fsw x Al L(MAX) IN

When selecting an inductor, make sure that it is
capable of supporting the peak output current
without saturating. Inductor saturation will result in
a sudden reduction in inductance that may cause
the unstable operation.

Output Voltage Setting Resistor Selection

The device with an external adjustable output
voltage, the output voltage is programmed by an
external resistor divider connected from Voto Ves
and then to AGND, as shown in the typical
application schematic. The programmed output
voltage is below,

Rl
VO VFB i (1+ RZ)
Where Vrs is equal to the internal reference voltage
0.6V, R1 is the resistance from Vo to FB, R2 is from
VFB to AGND, and increases the quiescent current
by R1 and R2, so larger resistance is desirable,
select the R2 no larger than 200k () is preferable.

2016/02/24
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Output Capacitor Selection
An output capacitor is required to filter the
inductor current. Output ripple and transient
response are two critical factors when choosing the
output capacitance. The COT mode allows for the
usage of low ESR ceramic capacitors and thus
smaller board layout, electrolytic capacitors may
also be used. The following equations allow
calculation of the required capacitance to meet a
desired output ripple voltage.
For the ceramic capacitors (low ESR):
VOUTRIPPLE = A—IL

8xF , *C,
When using electrolytic capacitors (High ESR):
V =Al_*ESR

OUTRIPPLE

Regarding transient response considerable, a good
starting point is to determine the allowable
overshoot in Vo if the load is suddenly released. In
this case, energy stored in the inductor will be
transferred to Co causing its voltage to rising, so
choosing the needs capacitance should be cover for
both ripple and transient requirement. The most of
applications will require a minimum of 22uF output
capacitance. Like the input capacitor multilayer
ceramic capacitors are X7R or X5R types. The
maximum RMS current rating of the capacitors is:

1 VoV Vo)
% o \VIN(MAX) o) ARMS

| =
come \/E LxFgy XVIN(MAX)

Layout Considerations

® The VIN, VCC decoupling capacitors should be
as closed to the IC VIN and VCC pin.

® The FB voltage divider network should be as
closed to the IC FB pin and away from
switching node.

® Use widely trance for the High current path,
From VIN, SW, Vo to GND path.

®  Widely ground plan for good heat sinking and
better noise immunity.
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Marking Information
Device Name: EM5845VT for DFN3X3-10L

AR EM

Ched | 5845 — EM5845 Device Name

ABCDEF@G —> ABCDEFG: Date Code
O

1

Outline Drawing

D2

JUwuuy

miATatiTale

Dimension in mm

Dimension A Al A3 b D E D2 E2 e L K
Min. 0.7 | 0.00 0.18 2.20 | 1.40 0.30 | 0.20
Typ. 0.75|0.02| 0.2 |0.25]| 3.0 | 3.0 0.50 | 0.40

Max. 0.80 | 0.05 0.30 2.70 | 1.75 0.50

Recommended minimum pads

BNNNININE:

3.2 2.45

§§§§F

.
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