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HCR3153M/S/T

600KHz, 18V, 3A Synchronous COT Step-Down Converter

Features
* 70mQ/35mQ Low RDS(ON) Internal FETs
* High Efficiency Synchronous-Mode Operation
¢ 4.5V to 18V Input Voltage Range
¢ Output Voltage From:
0.8V (HCR3153M )
0.6V ( HCR3153S))
0.765V ( HCR3153T)
* 600KHz Switch Frequency
e Up to 3A, 3.5A@1.2V Output Current
¢ COT Control to achieve fast transient responses
¢ Power Save Mode at Light Load
e Integrated internal compensation
o Stable with Low ESR Ceramic Output Capacitors
¢ Over Current Protection With Hiccup-Mode
e Thermal Shutdown
¢ Inrush Current Limit and Soft Start
¢ Build in Input Over Voltage Protection(OVP)

Applications

* Digital Set Top Boxes

¢ Flat Panel Television & Monitors
¢ Notebook Computer

¢ Wireless and DSL Modems

General Description

The HCR3153M/S/T is a high efficiency 600KHz
Constant on-Time(COT) control mode synchronous
step-down DC-DC converter capable of delivering
up to 3A current. HCR3153M/S/T integrates main
switch and syschronous switch with very low
RDS(ON) to minimize the conduction loss. Low
output voltage ripple and small external inductor
and capacitor size are achieved with 600KHz
switching frequency.It adopts the COT architecture
to achieve fast transient responses for high
voltage step down applications.

The HCR3153M/S/T requires a minimum number
of readily available standard external components
and is available in a TSOP-6 (SOT23-6L) ROHS

compliant package.

TSOP-6 (SOT23-6L)

Figure 1. Package Type of HCR3153M/S/T
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(T HCR3153M/S/T
600KHz, 18V, 3A Synchronous COT Step-Down Converter

Pin Configuration

HCR3153M/T Top View HCR3153S Top View
GND [T O T6] BS BS [1]© T6]Lx
LX EN GND VIN
VIN FB FB EN

Figure 2. Pin Configuration of TSOP-6 (SOT23-6L) (Top View )

Pin Function Table

HCR3153M/T | HCR3153s | "N Function
Name
1 2 GND |Ground Pin
Power Switch Output. It is the switch node connection to inductor.
2 6 LX |This pin connects to the drains of the internal P-ch and N-ch
MOSFET switches.
3 5 VIN (Power Supply input pin.
4 3 FB Output Voltage Feedback input. Connect FB to the center point of

the external resistor divider.

Drive EN pin to a logic-high to enable the IC. Drive EN pin to a
5 4 EN |[logic-Low to disable the IC and enter micro-power shutdown mode.
Don't floating EN.

Bootstrap. A capacitor connected between LX and BS pins is
6 1 BS |[required to form a floating supply across the high-side switch
driver.

Ordering Information

HCR3153M/SIT — | | [ | |
Circuit Type —I T TR : Tape and Reel
. Adi Package:
Ordering Code
Part Number Marking ID "¢ Temper;t::;:unctlon Package Quantity per Reel
. . TSOP-6
HCR3153M-ADJM6LTR TM3XXX -40'C to +125'C (SOT23-6L) 3000pcs/TR
. . TSOP-6
HCR3153S-ADJM6LTR TS3XXX -40'C to +125'C (SOT23-6L) 3000pcs/TR
. . TSOP-6
HCR3153T-ADJM6LTR TT3XXX -40'C to +125°'C (SOT23-6L) 3000pcs/TR

note 2. the TM3/TT3/TS3 is device code. The XXX is inside code.
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HCR3153M/S/T

600KHz, 18V, 3A Synchronous COT Step-Down Converter

Absolute Maximum Ratings "’

Parameter Symbol Value Unit
Input Supply Voltage Range VIN -0.3 to +20.0 \"
LX Voltage Range VLX -0.3 to +20.0 \'
EN Voltage Range VEN -0.3 to +20.0 Vv
FB Voltage Range VFB -0.3 to +6.0 \'
BS Voltage Range VBs -0.6 to +23.0 \"
Power Dissipation Po 1000 mwW
Thermal Resistance Junction to Ambient ReJA 100 'C/IW
Thermal Resistance Junction to Case ReJc 56 'CIW
Storage Temperature Range TSTG -65 to +150 'C
Operating Junction Temperature TJ -40 to +125 'C
Lead Temperature (Soldering, 10s) TLEAD 260 'C
Human Body Model for all pins VESD_HBM 2000 \'
Charge Device Model for all pins VESD_CDM +2000 \Y)
Note 1: Stresses beyond those listed under"Absolute maximum Ratings" may damage the device.

2: The device is not guaranteed to function outside the recommended operating conditions.

Recommended Operating Conditions
Parameter Symbol |Test Condition Min | Type | Max Unit
Input Voltage Range VIN - 4.5 - +18 v
(I:::;aeting Junction Temperature T ) 40 i +125 '
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4. ... HCR3153M/S/T

600KHz, 18V, 3A Synchronous COT Step-Down Converter

Electrical Characteristics
(VIN=12V, VOUT=3.3V, TA=25'C, unless otherwise noted.)

Parameter Symbol [Test Condition Min | Type | Max | Unit
Input Voltage Range VIN 4.5 - 18
Input OVP Threshold Vovp 18.7 19.3 19.8 \%
UVLO Rising Threshold VuvLo 4.0 4.2 4.35 \'
UVLO Hysteresis VuvLOH 04 0.45 0.5 \Y
Quiescent Current la xE::\ZI.:E\;,XWS% - 300 - uA
Shutdown Current Isupn  |VIN=12V, VEN=0V - 5 10 uA
E_fg;;t;gwf)eedback Voltage VRer1 |TA=25'C, 4.5V<VIN<18V | 0.784 | 0.800 | 0.816 | V
:T_Ieg;';tggs';eedb“k Voltage VRerz |TA=25'C, 4.5V<VIN<18V | 0.588 | 0.600 | 0.612 | V
E_fg;;t;gT';eedback Voltage VRers |Ta=25'C, 4.5V<VIN<18V | 0.750 | 0.765 | 0.780 | V
High-Side Switch On Resistance Rbs(oN)1 - 70 - mQ
Low-Side Switch On Resistance Rbps(0N)2 - 35 - mQ
High-Side Switch Leakage Current ILx_Lc  |VEN=0V, VLx=0V 1 - 10 uA
Switch Valley Current Limit ILim  |Minimum Duty Cycle 3.7 4.0 4.5 A
On-Time Ton |VN=12V.Vour=1.2V, 132 | 166 | 200 | ns
lout=1A
Oscillation Frequency Fosc 500 600 700 KHz
Maximum Duty Cycle n - 90 - %
Minimum On-Time Ton 70 80 100 nS
Soft Start Time Tstart 0.7 1.0 1.3 mS
Hiccup on Time THoT - 1.2 - mS
Hiccup Time Before Restart THTBR - 3.6 - mS
EN Rising Threshold VEN-R 0.85 0.95 1.05
EN Falling Threshold VEN-F 0.75 0.85 0.95
EN Hysteresis VEN_Hy - 100 - mV
Thermal Shutdown Threshold "> | TSHDN - 165 - 'C
Thermal Shutdown Hysteresis"' THYTS - 30 - 'C

Note 3. Guaranteed by design.
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Cl/ <o HCR3153M/S/T

600KHz, 18V, 3A Synchronous COT Step-Down Converter

Typical Performance Characteristics

Efficiency Efficiency
Vour =3.3V, L=4.7pH, DCR=30mQ Vour =5V, L=4.7uH, DCR=30mQ
1{}00/’0 1{][}0/0
0,
95% 95%
90%
0,
90 /D 8505
> 85% Z 80%
= =
S 80% g 75%
E 75% E 70%
L 65%
70% / Vin=9V i Vin=9V
65% Vin=12V 60% Vin=12V
o -Vin=16V 55% Vin=16V
60% 50%
0.01 0.1 1 10 0.01 0.1 1 10
Output Current (A) Output Current (A)
Efficiency Load Regulation
Vour=1.2V, L=2.2uH, DCR=20mQ Vin=12V, Ta=25°C
100% 2.0%
0, —
95% 1.5% Vo=5V
90% g0 | Vo=3.3V
85% % il Vo=1.2V
E 80% 3 0.5%
é 75% & 0.0%
0, (4]
- ;2:‘ £-0.5%
© U7 = ©°
o | Vin=12V 3 590
s - Vin=16V 37
50% 2.0%
0.01 0.1 1 10 0 05 1 15 2 25 3 35
Output Current (A) Output Current (A)

Steady State Operation

Steady State Operation
Vin =12V, Vour =3.3V, lo=Full Load

Vin =12V, Vour =3.3V, No Load

Vbui=20deiv Vout=20mV/div AC coupled
@ AC coupled :
s T aWaWaW A VaWawi
B II. . i . . . L— .
@ — i ." - e M_ — p}.. 1 Sl ¥ i Sl b - et
Vin=50mV/div M 1 .
AC coupled @h\h N\N \V/’\\\W‘
A i Vin=50mV/div AC coupled
IL=500mA/div ﬁil'\ MNWWM -
® i [ IL=2A/div
Time: 2s/div » Time: 1ps/div
Product Specification www.hcrsemi.com Page 5 of 13



CH - HCR3153M/S/T

600KHz, 18V, 3A Synchronous COT Step-Down Converter

Typical Performance Characteristics(Con.)

Load Transient Load Transient
Vin =12V, Vour =3.3V, lo =0A to 3A Vin =12V, Vour =3.3V, |, =1.5A to 3A
T LT g T T 1 T T : T T
Vout=200mV/div Vout=200mV/div
AC coupled | AC coupled

B

r P ity - PPy

9“ : L : : \\-_ B .
. . ) Time: 200ps/div : : : . Time: 200us/div |
Output Short Entry Output Short Recovery
Vin =12V, Vourt =3.3V, No Load Vin=12V, Vour =3.3V, No Load
Vout=:2\/!d'iv v : : : . - v i
Vout=2V/div ] rﬁ ¢
B Vin=5Vidiv e e :
v R g
Vin=aV/div 4
P I e o ey TR et s e e g _"...'
TIL'- \ - s i ] b= = | i s |
By vy iramrresymenm I-— l_ e— | L [y "__ '— — I--_ r
. . Time: 4ms/div IL=5A/div Time: 4ms/div :
Input Power On Input Power Down
Vin =12V, Vour =3.3V, | =Full Load Vin =12V, Vour =3.3V, |lo =Full Load
_‘ ;\Vuut=2Wdiv

Vout_=2Wdiy

: “ [Vin=5V/div -\ 4

|

C IL=2A/div ' T Time: 10ms/div |

Time: 400ps/div
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CH . .~ HCR3153M/S/T

600KHz, 18V, 3A Synchronous COT Step-Down Converter

Typical Performance Characteristics(Con.)

EN Enable EN Disable
Vin =12V, Vour =3.3V, lo =Full Load Vin =12V, Vour =3.3V, lo =Full Load

. o Vout=2V/div
[ Vout=2V/div

N ItEE L —— e e
EN=5V/div

E'|| =29 Aldiv [ 1 ' 20t s
Nl ,r' Time: 400ps/div _ Time: 40ps/div
e : t B . i T T T T T T

Functional Block Diagram
EN VIN
1 [ 1
L -
v Regulator £ [:I BS
uvLO -
ovP » oTP
- \ Hiccup oo F}
ol | x
- I: = PWM Comparator clfrﬁlrzl - Diit:r
~ A Veowr F
[ ON time L '} }
Voltage Generater
Reference
ZC
l ﬂ% —
Current Sense
and OCP

Figure 3. Functional Block Diagram of HCR3153M/S/T
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HCR3153M/S/T
600KHz, 18V, 3A Synchronous COT Step-Down Converter

Operation Description

Internal Regulator

The HCR3153M/S/T is a constant on-time(COT) step
down DC/DC converter that provides excellent
transient response with no extra external
compensation components.This device contains
low resistance, high voltage high side and low side
power MOSFETs and operates at 600KHz operating
frequency to ensure a compact, high efficiency

design with excellent AC and DC performance.

Error Amplifier

The HCR3153M/S/T adopts operational transcondu-
-ctance amplifier(OTA) as error amplifier. The error
amplifier compares the FB pin voltage with the
internal FB reference (VRer) and outputs a current
proportional to the difference between the two.
This output current is then used to charge or
discharge the internal compensation network to
form the VcowmP voltage, which is used to compare
with the low side power MOSFET current sensing
signal and trigger on time pulse. The optimized
internal compensation network minimizes the
external component counts and simplifies the

control loop design.

Internal Soft-Start

The soft-start is implemented to prevent the
converter output voltage from overshooting during
startup.When the chip starts, the internal circuitry
generates a soft-start voltage(SS) ramping up from
0V to VREF. When it is lower than the internal FB
refernce(VREF),SS over rides REF so the error
amplifier uses SS as the reference.When SS is
higher than VREF, VREF regains control.The SS

time is internally fixed to 1ms typically.

OCP and Short Circuit Protection

The HCR3153M/S/T has cycle-by-cycle valley
current limit function. when the inductor current
valley value is larger than the valley current limit
during low side MOSFET on state, the device
enters into valley over current protection mode
and low side MOSFET keeps equal or lower than
the valley current limit, and then on time pulse
could be generated and high side MOSFET could
turn on again. If the output is short to GND and the
output voltage drop until feedback voltage VFB is
below the output under-voltage VUV threshold
which is typically 55% of VREF, The HCR3153M/S/T
enters into hiccup mode to periodically disable
and restart switching operation. The hiccup mode
helps to reduce power dissipation and thermal
rise during ouput short condition. The period of
HCR3153M/S/T hiccup mode is typically 4.8ms.

Start up and Shutdown

If both VIN and EN are higher than their appropriate
thresholds, the chip starts switching operation.
the reference block starts first,generating stable
reference voltage and currents, and then the
internal regulator is enabled. The regulator
provides stable supply for the remaining circuits.
Three events can shutdown the chip:EN low. VIN
low and thermal shutdown. In the shutdown
procedure, the signaling path is first blocked to
avoid any fault triggering. The Vcomp voltage and
the internal supply rail are then pulled down. The
floating driver is not subject to this shutdown

command.
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HCR3153M/S/T

600KHz, 18V, 3A Synchronous COT Step-Down Converter

Application Information

Setting the Output Voltage

The external resistor divider is used to set the
output voltage(see Figure 4).The feedback resistor
R1 also sets the feedback loop bandwidth with the
internal compensation capacitor. Choose R1 to be
around 39KQ for optimal transient response. R2 is
then given by: R,

2 I/:J[!f "’IVFB _1

Use a T-type network for when VOUT is low.

C f;=20pF~100pF

Table 1:

Selection for common output voltage(VFe=0.8V)

VouT(V) R1(KQ) R2(KQ) | CFB(pF)| L(uH)
5.0 39 7.43 33 4.7
3.3 39 12.5 33 4.7
2.5 39 18.3 33 3.3
1.8 39 31.2 33 2.2
1.5 39 44.6 33 2.2
1.2 39 78 33 1.5
1.0 18 72 33 1.0

Inductor Selection

A DC current rating of at least 25% percent higher
than the maximum load current is recommended
for most applications. Inductance value is related
to inductor ripple current value, input voltage,
output voltage setting and switching frequency.
The inductor value can be derived from the

following equation:
geq _ Vour {V!_\’ = VOL’T)

Vie XAl X fosc

Where AlL is inductor ripple current. Large value
inductors result in lower ripple current & small
value inductors result in high ripple current, So
inductor value has effect on output voltage ripple
value. DC resistance of inductor which has impact
on efficiency of DC/DC converter should be taken
into account when selecting the inductor.

The maximum inductor peak current is:

Al

L
+ L
LOAD
2

1 1

L(MAX) —
Under light load conditions below 100mA, larger
inductance is recommended for improved
efficiency.

Output Capacitor Selection

The output capacitor (Co1 and Co2) is required to
maintain the DC output voltage. Ceramic tantalum,
or low ESR electrolytic capacitors are
recommended. Low ESR capacitors are preferred
to keep the output voltage ripple low. The output
voltage ripple can be estimated by:

AV, = P:’)L']" % I_V()LT x| R.. +;
ouT f;-XL Ff.\' ESR SX_,GKCE

where L is the inductor value and RESR is the
equivalent series resistance(ESR) value of the
output capacitor. In the case of ceramic capacitors,
the impedance at the switching frequency is
dominated by the capacitance.

the output voltage ripple is mainly caused by the
capacitance. For simplification, the output voltage
ripple can be estimated by:

Vour el g Vour
8xf xLxC, | Vi

In the case of tantalum or electrolytic capacitors,
the ESR dominates the impedance at the switching
frequency. For simplification, the output ripple can
be approximated to:

AV = ;‘:f;fL ” [1 u I;:r} SR

The characteristics of the output capacitor also

affect the stability of the regulation system.

the HCR3153M/S/T can be optimized for a wide

range of capacitance and ESR values.

Layout Consideration

when laying out the printed circuit board, the

following checking should be used to ensure

proper operation of the HCR3153M/S/T. Check the
following in your layout:

1.1) Keep the path of switching current short and
minimize the loop area formed by input
capacitor, IN pin and GND.

1.2) Bypass ceramic capacitors are suggested to
be put close to the IN Pin.

1.3) Ensure all feedback connections are short and
direct. Place the feedback resistors as close to
the chip as possible.

1.4)Vour, Lx away from sensitive analog areas as FB.

1.5)Connect IN, LX, and especially GND respectively

to a large copper area to cool the chip to improve
thermal performance and long-term reliability.

A VOL T
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HCR3153M/S/T

Typical Application Circuit-1
0.1uF || c4
I
r ‘”"” vou*r-gv

BS

VIN
20pF~

Cm

100pF

‘ 100nF %
= = EN FB
cm
GND jrmm— e
‘ 12. sm 22pF 22yF
_— e

Figure 4. Typical Application Circuit of HCR3153M/S/T

Typical Application Circuit-2
ca
U.1pF||
1
L 4.7uH Vour=5V
O—4— ' wn 2% x Y Y\ i
100kQ k0 S =
224F 100nF 20pF-
100pH
= = EN FB _|cot | coz
GND = =
l 743m 22uF | 22pF
Figure 5. 12VIN, 5V Output (VFB=0.8V) Circuit
Typical Application Circuit-3
c4
L
BS < A VOUT= 3.3V
O . VIN LX Y Y Y\, 's)
CIN1 J_cmz R3 - Co
= §1oom P o
22pF 100nF >0pF~
100pF
i - hB coi | coz
GND R2§
J' 12.5kQ 22yF 22F
Figure 6. 12VIN, 3.3V Output (VFB=0.8V) Circuit
Page 10 of 13
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HCR3153M/S/T

CH .
600KHz, 18V, 3A Synchronous COT Step-Down Converter
Typical Application Circuit-4
ca
0.1|.|F”__
o BS = 22""' VouT= 53\:
—1 . VIN LX
sl Tomlm -
100kQ 39kﬂ ==
22yF 100nF OpF-~
100pF
= = 2 FB _|cot | coz
GND —_—— prm—
J_ 31. sz 220F | 22¢F
Figure 7. 12VIN, 1.8V Output (VFB=0.8V) Circuit
Typical Application Circuit-5
c4
n.1p|=”_
BS IY;'“?‘:JH VOUT= 1.5V
O—+— . VIN LX % O
cmi J_c:mz R3 R1 Crm
100k 39k0 —
22uF 100nF < 20pF-
I 100pF
i e £a CcO1 co2
GND R2 = —_—
l 44.6k0 § 22uF 22pF
Figure 8. 12VIN, 1.5V Output (VFB=0.8V) Circuit
Typical Application Circuit-6
Cc4
0.1pF 1
I
BS N,"Y;f:'“ VOUT= 1.2V
O—¢—1¢ VIN LX 3 O
CINd_ J_CINZ R3 R1é Cn
100kQ k0 S =
224F 100nF § 20pF-
100pF|
= = EN FB cot1 | coz
GND R2 prm— —
J_ 78kQ g 22yF 22uF
Figure 9. 12VIN, 1.2V Output (VFB=0.8V) Circuit
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4. ... HCR3153M/S/T

600KHz, 18V, 3A Synchronous COT Step-Down Converter

Mechanical Dimensions
M6L PKG: TSOP-6 (SOT23-6L)

— A —
: T
~ - LB
, |
| ! ! | ol J
6 || s||]| 4|| -y fj
, l p— | | -
! C4 l I
[ S S L
Pint Dot By MaTking '
s ) 1|
i/ ell| 3]
r | Rl—’/D L4
L Re—
B L3 _ C

s

)

\
o
02
e S
Unit: mm
— Dimensions In Millimeters — Dimensions In Millimeters
Min Typ Max Min Typ Max
2.80 2.90 3.00 L3 1.800 1.900 2.000
B 2.60 2.80 3.00 L4 0.077 0.127 0.177
B1 1.50 1.60 1.70 L5 - 0.250 -
C - - 1.05 L6 - 0.600 -
C1 0.60 0.80 1.00 ] 0° 0°
c2 0.35 0.40 0.45 o1 10° 12° 14°
c4 0.223 0.273 0.323 02 10° 12° 14°
K 0.000 0.075 0.150 R - 0.100 -
L 0.325 0.400 0475 R1 - 0.100 -
L1 0.325 0.450 0.550 R2 - 0.100 -
L2 0.850 0.950 1.050
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Chl 5 s HCR3153M/S/T
600KHz, 18V, 3A Synchronous COT Step-Down Converter

Tape and Reel Information
Tape Dimensions:

\a)
+0.10 :S,Q'Q
‘ \ +aos| ¢3<'D
q)'\
| o &
> O O] O——0O C F
Sl ‘ S
BE o
HEHH o 4&!,
i B
) ) R O O O -
o] H H o H H o o o o
b ]
4. 00 +0.10
3 E 4
Direction of feed ¥
» 00\
Reel Dimensions:
11. 4421
i
8.4+

1805
53t

Note:

1) All Dimensions are in Millimeter
2) Quantity of Units per Reel is 3000
3) MSL level is Level 3.
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