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High Efficiency Step Down

DC/DC Controller Datasheet

Description

MB39C502 is a single output step down DC/DC controller using external FETs. It achieves the high efficiency with
“‘Enhanced Low Power Mode (LPM) Operation” in light load. In Enhanced LPM, this controller operates that the
quiescent current is reduced only 30pA and the switching frequency is fallen by extending on time. These operations
enable to improve the efficiency in light load. Internal compensation circuit with current mode architecture and internal
boost switch allow reducing the BOM parts and the component area.

Features

High Efficiency with Enhanced LPM Operation

Automatic Transition for PFM/PWM

Enhanced LPM Operation Transferred by SLP_N Assertion
Over Current Alerting

Reference Voltage Accuracy: 1%

Output Voltage Range :0.7V to 2.0V (MB39C502)

: 2.4V to 3.5V (MB39C503)

: fixed 5V (MB39C504)
(

VIN Input Voltage Range  : 4.0V to 25V (MB39C502/C503)
: 5.4V to 25V (MB39C504)

VDD Input Voltage Range: 4.5V to 5.5V (MB39C502/C503)
Internal 5V LDO with Switchover (MB39C504)

Fixed Frequency Emulated On-Time Control: 800kHz
Current Mode Architecture with Internal Compensation Circuit

Internal Boost Switch

Fixed 700us Soft Start Time without Load Dependence
Internal Discharge FET

Power Good Monitor

Enhanced Protection Functions: OVP, UVP, ILIM
Thermal Shutdown

Small 3mm x 3mm x 0.75mm QFN16 Package

Applications

m Point of Load VR for Note PC
® General Purpose Step Down Regulator

Cypress Semiconductor Corporation
Document Number: 002-08449 Rev *A

198 Champion Court San Jose, CA 95134-1709 . 408-943-2600
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MB39C502/503/504

1. Typical Application

(MB39C502/C503)
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(MB39C504)
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2. Pin Configuration
(MB39C502/C503)
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(MB39C504)
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3. Pin Configuration

(MB39C502/C503)
Pin Number Pin Name 110 Description
1 ILIM(*1) | Connect to VCC terminal.
2 ALERT_N (0] Open drain output terminal with over current alerting.
3 VDD | Power supply voltage input terminal of switching FET gate driver.
4 DRVL (0] Low side switching FET gate driver output terminal.
5 PGND - Power ground.
6 LX - Inductor and high side switching FET source connection terminal.
7 VIN | Power supply of switching regulator input terminal.
8 DRVH (0] High side switching FET gate driver output terminal.
9 BST | Boost capacitor connection terminal.
Enable input of PWM controller.
10 EN When turning on, apply greater than 0.65V and less than 5.5V. When turning off, apply less
than 0.25V.
11 CSP | Current sensing positive input terminal.
12 CSN | Current sensing negative input terminal.
13 FB | Feedback voltage input of switching regulator.
14 SLP_N | Low power mode signal input terminal.
Transferred to low power mode by connecting to “L” level
15 PWRGD O Open drain output terminal with power good.
16 VCC I Power supply voltage input terminal of PWM controller.
EP AGND - Analog ground.

*1: ILIM terminal should be fixed to connect to VCC terminal.
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MB39C502/503/504

(MB39C504)
Pin Number Pin Name 110 Description
1 ILIM(*1) | Connect to VCC terminal whenever.
2 VOUT | DCDC output voltage input for switchover.
3 LDO5 (0] 5V LDO output terminal.
4 DRVL (0] Low side switching FET gate driver output terminal.
5 PGND - Power ground.
6 LX - Inductor and high side switching FET source connection terminal.
7 VIN | Power supply of switching regulator input terminal.
8 DRVH (0] High side switching FET gate driver output terminal.
9 BST | Boost capacitor connection terminal.
Enable input of PWM controller.
10 EN When turning on, apply greater than 2.5V and less than 25V. When turning off, apply less
than 0.6V.
11 CSP | Current sensing positive input terminal.
12 CSN | Current sensing negative input terminal.
13 VOUTS | DCDC output voltage input terminal.
14 SLP_N | Low power mode signal input terminal.
Transferred to low power mode by connecting to “L” level
15 PWRGD O Open drain output terminal with power good.
16 VCC | Power supply voltage input terminal of PWM controller.
EP AGND - Analog ground.

*1: ILIM terminal should be fixed to connect to VCC terminal.
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4. Block Diagram

MB39C502/503/504

(MB39C502/C503)
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MB39C502/503/504

(MB39C504)
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5. Absolute Maximum Rating
(MB39C502/C503/C504)
Rating
Parameter Symbol Condition Unit
Min Max
Vi VIN input voltage -0.3 +28 Vv
Vvece VCC input voltage -0.3 +6.5 Vv
Power supply voltage -
Vvop VDD input voltage (MB39C502/C503) -0.3 +6.5 Vv
Vvour VOUT input voltage (MB39C504) -0.3 +6.5 Vv
Vast BST bias voltage -0.3 +34.5 Vv
Vix LX switching voltage -2 +28 \
Ves FB input voltage (MB39C502/C503) -0.3 Vvee +0.3 \Y
Vvours VOUTS input voltage -0.3 +6.5 Vv
. Vinput ILIM input voltage -0.3 Vyee +0.3 \
Terminal voltage -
Ves CSP, CSN input voltage -0.3 +6.5 Vv
Ven EN input voltage (MB39C502/C503) -0.3 +6.5 \Y
EN input voltage (MB39C504) -0.3 +28 \Y
Vsip SLP_N input voltage -0.3 +6.5 Vv
Voo PWRGD, ALERT_N bias voltage -0.3 +6.5 \Y
VesT-Lx BST-LX difference voltage -0.3 +6.5 \
- v
Difference voltage Vast1005 (BI\/ISI-BI—\';‘.;/COS%Z) LDOS difference voltage ) +28 v
Vano AGND-PGND difference voltage -0.3 +0.3 \
Vesp-csN CSP-CSN difference voltage -0.3 +0.3 Vv
Iprv DRVH, DRVL DC current —60 +60 mA
Output current Inob PWRGD - +2 mA
laLerT ALERT_N sink current (MB39C502/C503) | - +2 mA
Power dissipation Po Ta <+25°C - 2100(*1) mwW
Storage temperature Tsta - -55 +125 °C

*1: When the IC is mounted

WARNING

—  Semiconductor devices can be permanently damaged by application of stress (voltage, current, temperature,
etc.) in excess of absolute maximum ratings. Do not exceed these ratings.

on 10cm x 10cm four-layer square epoxy board. IC is mounted on a four-layer epoxy
board, which terminal bias, and the IC’s thermal pad is connected to the epoxy board.

Document Number: 002-08449 Rev *A
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6. Recommended Operating Conditions
(MB39C502/C503/C504)
Value
Parameter Symbol Condition - Unit
Min Typ Max
Vi VIN input voltage (MB39C502/C503) 4.0 - 25 Vv
Vi VIN input voltage (MB39C504) 54 - 25 Vv
Vvece VCC input voltage 4.5 - 5.5 \
Power supply voltage -
Vvop VDD input voltage (MB39C502) 4.5(*1) - 5.5 Vv
Vvop VDD input voltage (MB39C503) 4.5 - 5.5 Vv
Vipos VOUT input voltage (MB39C504) 4.5 - 5.5 \"
Vest BST bias voltage 0 - 30.5 \"
Vix LX switching voltage -1 - 25 \
FB, ILIM input voltage )
Vineur (MB39C502/C503) 0 Vvee v
Vinput ILIM input voltage (MB39C504) - Vvee \Y
Ves CSP, CSN input voltage (MB39C502) - 2.0 \
Ves CSP, CSN input voltage (MB39C503) - 3.5 \
Terminal voltage Vos (Cl\/?§390(385%4;/0UTS input voltage 0 - 55 \%
EN, SLP_N input voltage )
Ven (MB39C502/C503) 0 55 v
Ven EN input voltage (MB39C504) - 25 \
Vsip SLP_N input voltage (MB39C504) - 5.5 \
PWRGD, ALERT_N bias voltage )
Voo (MB39C502/C503) 0 55 v
Vnob PWRGD bias voltage (MB39C504) - 5.5 Vv
VasT.x BST-LX difference voltage - 5.5 \"
BST-VDD difference voltage
Vestvo (MB39C502/C503) - : 25 v
Difference voltage Y BST-VOUT, LDO5 difference voltage ) ) o5 v
BST-LDOS (MB39C504)
Veno AGND-PGND difference voltage -0.05 - 0.05 \"
Vesp-csn CSP-CSN difference voltage 0 - 35 mV
Ibrv DRVH, DRVL DC current —-45 - 45 mA
Output current _
InoD PWRGD, ALERT_N sink current - - 1 mA
BST capacitor Cast Connect BST to LX capacitor - 0.47 - uF
VCC capacitor Cvec Connect VCC to AGND capacitor - 1.0 - uF
VDD capacitor Cvop ?AﬁggggS\ég/%;%;GND capacitor - 4.7 - uF
LDO5 capacitor Cipos S:;:;fotrl(_l\aggggs%%l\l D - 4.7 - uF
Operating ambient . _ ) o
temperature Ta Ambient temperature 30 85 C

*1: This VDD minimum input voltage indicates dynamic input range below 1ms. Refer to figure (next page) about the
static VDD minimum input voltage.
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MB39C502/503/504

56
55
54
53
52
5.1
50
4.9
48
47
46
45

VDD Static Input Voltage / V

VDD Static Input Voltage vs. Ambient Temprature
(BAT54XV2T1G boost diode connected)

I
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WARNING

—  The recommended operating conditions are required in order to ensure the normal operation of the
semiconductor device. All of the device’s electrical characteristics are warranted when the device is operated

within these ranges.

- Always use semiconductor devices within their recommended operating condition ranges.

—  Operation outside these ranges may adversely affect reliability and could result in device failure.

= No warranty is made with respect to use, conditions, or combinations not represented on the data sheet. Users
considering application outside the listed conditions are advised to contact their representatives beforehand.

Document Number: 002-08449 Rev *A

Page 12 of 46



PERFORM

7. Electrical Characteristics

MB39C502/503/504

(MB39C502)
VIN = 7.4V, VDD, BST and EN connect to 5V power supply, PGND, LX = OV. Ta = =30°C to +85°C, unless otherwise
noted.
Value
Parameter Symbol Condition Unit
Min Typ Max
REFERENCE VOLTAGE
This voltage is compared to feedback 0.693 0.700 0.707 v
Internal reference voltage Vrer voltage. Ta = 25°C ' ' '
Ta =-10°C to 85°C 0.686 - 0.714 \
FB input current Irs VFB = 1.0V -0.1 - 0.1 MA
ENABLE, SLP_N
. Ven Enable voltage range 0.65 - 5.5 \"
Enable condition -
Vbss Disable voltage range 0 - 0.25 \"
EN input current len Ven = 5.0V - 0 0.1 HA
\ LPM disable voltage range 0.65 - 5.5 \
SLP_N enable condition SLPDSB 9 9
Vsipen LPM enable voltage range 0 - 0.35 \
SLP_N input current lstp N Vsip N = 5.0V - 0 0.1 HA
SUPPLY CURRENT
VDD, VCC input current at PWM )
Ivoopw operating. Ta = 25°C 380 760 WA
VDD, VCC input current at idle state in
lvooPEM PFM operation. Static OA inductor - 180 360 HA
VDD supply current current. Ta = 25°C
VDD, VCC input current at idle state in
IvooLpm LPM operation. Static OA inductor - 30 60 uA
current. Ta = 25°C
VDD shutdown current lvopson VDD, VCC input current at Vey = 0V - 0.1 1.0 uA
VIN supply current lvin Vyin = 25V - 10 15 A
VIN shutdown current lvinsDN VIN input current at Vey = 0V - 0.1 1.0 uA
UNDER VOLTAGE LOCKOUT
Vuvio UVLO release voltage 3.99 4.14 4.29 \
VCC UVLO threshold -
Vhvs Hysteresis 0.005 0.070 0.200 \"
SOFT START, DISCHARGE
Period of power on reset teor _Fr_o_m_enable ON to the switching 200 - 1000 us
initiating.
From the switching initiating after
Ramp up time tss enable ON to the output voltage 598 665 732 us
reaches 95%.
Discharge resistance Roiscra VOUT = 0.2V, discharge enable. 50 100 200 Q
Discharge ends voltage VbiscHa Vesn Voltage. 0.07 0.10 0.13 \

Document Number: 002-08449 Rev *A
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VIN = 7.4V, VDD, BST and EN connect to 5V power supply, PGND, LX = 0V. Ta = =30°C to +85°C, unless otherwise

MB39C502/503/504

noted.
(MB39C502)
. Value i
Parameter Symbol Condition - Unit
Min Typ | Max
ON TIMER
On time ton Vyin = 7.4V, Vesn = 1.2V 193 210 227 ns
Minimum on time tminon Vyin = 7.4V, Vesy = 0.2V 80 120 - ns
Minimum off time tmiNoFF - 200 400 ns
CURRENTLIMITATION
Current limitation threshold | Viwr CSP-CSN difference voltage at ILIM 19.0 24.0 29.0 mv
connects to VCC.
ILIM input current lium Vium = 5.0V - 0 0.1 UA
CSP, CSN input current lcs Ves =1.2V -5.0 -2.0 - uA
OVER AND UNDER VOLTAGE PROTECTION
Over voltage threshold ratio RTov For target output voltage. At output 110 115 125 %
voltage increasing.
Propagation delay of OV tov - 4 10 25 us
Under voltage threshold For target output voltage. At output o
ratio RTuy voltage decreasing. 65 70 75 %o
Propagation delay of UV tuv - 40 100 200 us
POWER GOOD MONITOR
Power good threshold ratio RTea For targgt outpgt voltage. At output 86 92 98 %
voltage increasing.
Hysteresis Ratio RThys - 3 5 7 %
) tea Power good 20 50 200 us
Propagation delay
trs Power bad 4 10 25 us
PWRGD leak current ILKPG VPWRGD =5.5V - 0 1 HA
z\\/IVeIRGD output VOItage L Voiec lpwrap = TmMA sink - 0.05 0.10 \
THERMAL SHUT DOWN
Trson Shut down temperature. - 150(*1) - °C
Shut down temperature Exited temperature from thermal shut . .
Trsou down state. i 125(1) i C
OVER CURRENT ALERTING
Over current.alemng RTar For target current limitation. At output 78 85 92 %
threshold ratio current increasing.
. taLTon On alerting assertion 20 50 200 us
Propagation delay - -
taLTorF On alerting de-assertion 3 10 25 us
ALERT_N leak current ILKALT VALERTﬁN =5.5V - 0 1 |JA
QI;IEIRT_N output VOItage L VoraLt IALERT_N = 1mA sink - 0.05 0.10 \

*1: No production tested, ensure by design.
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MB39C502/503/504

VIN = 7.4V, VDD, BST and EN connect to 5V power supply, PGND, LX = Q0V. Ta = =30°C to +85°C, unless otherwise

noted.
(MB39C502)
. Value i
Parameter Symbol Condition - Unit
Min Typ Max
DRIVER
. . . Rron At 100mA current sourcing - 3(*1) - Q
High side on resistance —
RroL At 100mA current sinking - 1(*1) - Q
. . Rion At 100mA current sourcing - 4(*1) - Q
Low side on resistance —
Riou At 100mA current sinking - 0.75(*1) - Q
High side source current IsreH Vprvn = 2.5V - 0.7(*1) - A
High side sink current IsinkH VprvH = 2.5V - 1.1("1) - A
Low side source current IsreL Vorw = 2.5V - 0.5(*1) - A
Low side sink current ISINKL VDRVL =25V - 1 7(*1) - A
. From DRVH turn off to DRVL turn on.
Dead time toean And reverse it. 10 20 - ns
BOOST SWITCH

Boost switch on resistance Rest lgst = 10mA - 30 50 Q

BST leak current ILKBST VBST =30V - 0.1 1.0 UA

*1: No production tested, ensure by design.
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MB39C502/503/504

VIN = 7.4V, VDD, BST and EN connect to 5V power supply, PGND, LX = OV. Ta = =30°C to +85°C, unless otherwise

noted.
(MB39C503)
. Value i
Parameter Symbol Condition - Unit
Min | Typ | Max
REFERENCE VOLTAGE
This voltage is compared to feedback
N 0.99 1.00 1.01 Vv
Internal reference voltage Vrer voltage. Ta = 25°C
Ta=-10°C to 85°C 0.98 - 1.02 Vv
FB input current 1= VFB = 1.0V -0.1 - 0.1 uA
ENABLE, SLP_N
. Ven Enable voltage range 0.65 - 5.5 \
Enable condition -
Vbss Disable voltage range 0 - 0.25 \
EN input current len Ven = 5.0V - 0 0.1 HA
\ LPM disable voltage range 0.65 - 5.5 \
SLP_N enable condition SLPDSB 9 9
VsLpen LPM enable voltage range 0 - 0.35 \"
SLP_N input current Istp N Vsip n = 5.0V - 0 0.1 JA
SUPPLY CURRENT
VDD, VCC input current at PWM )
lvooPwm operating. Ta = 25°C 380 760 uA
VDD, VCC input current at idle state in
lvoopEm PFM operation. Static OA inductor - 180 360 uA
VDD supply current current. Ta = 25°C
VDD, VCC input current at idle state in
lvopLem LPM operation. Static OA inductor - 30 60 uA
current. Ta = 25°C
VDD shutdown current lvopson VDD, VCC input current at Ven = 0V - 0.1 1.0 uA
VIN supply current lvin Vyin = 25V - 10 15 pA
VIN shutdown current Ivinson VIN input current at Vey = 0V - 0.1 1.0 pA
UNDER VOLTAGE LOCKOUT
Vuvio UVLO release voltage 3.99 4.14 4.29 \
VCC UVLO threshold -
Vhvs Hysteresis 0.005 0.070 0.200 \
SOFT START, DISCHARGE
Period of power on reset tror From enable ON to the switching 200 - 1000 ps
initiating.
From the switching initiating after
Ramp up time tss enable ON to the output voltage 598 665 732 us
reaches 95%.
Discharge resistance RoiscHa VOUT = 0.2V, discharge enable. 50 100 200 Q
Discharge ends voltage VbiscHa Vesn voltage. 0.07 0.10 0.13 \
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VIN = 7.4V, VDD, BST and EN connect to 5V power supply, PGND, LX = OV. Ta = =30°C to +85°C, unless otherwise

MB39C502/503/504

noted.
(MB39C503)
Parameter Symbol Condition - Value Unit
Min Typ I Max
ON TIMER
On time ton Vuin = 7.4V, Vesy = 3.3V 529 575 621 ns
Minimum on time tminon Vyin = 7.4V, Vesn = 0.2V 100 200 ns
Minimum off time tminorF - 90 180 ns
CURRENTLIMITATION
Current limitation threshold | Vi CSP-CoM diference voltage atILIM | 51 26.0 31.0 mv
ILIM input current lium Vium = 5.0V - 0 0.1 uA
CSP input current lcsp Vesp = 3.3V - 2.0 5.0 JA
CSN input current lcsn Vesp = 3.3V - 8.0 20.0 JA
OVER AND UNDER VOLTAGE PROTECTION
Over voltage threshold ratio | RTov C;:;Z;gﬁc‘?g;g‘f;go"age At output 110 115 125 %
Propagation delay of OV tov - 4 10 25 us
:;r;ic(i)er voltage threshold RTuy \I:cc:l; etlg;ggte gfég:itnvgc?ltage. At output 65 70 75 %
Propagation delay of UV tuv - 40 100 200 us
POWER GOOD MONITOR
Power good threshold ratio RTea saiggggﬁcc:ggiﬁg?nage' At output 86 92 98 %
Hysteresis Ratio RThys - 3 5 7 %
. tra Power good 20 50 200 us
Propagation delay
tes Power bad 4 10 25 us
PWRGD leak current likpa Vewrap = 5.5V - 0 1 A
PWHRGD outputvoltage™L™ | v, o lwrco = 1A sink . 0.05 0.10 v
THERMAL SHUT DOWN
Trson Shut down temperature. - 150(*1) - °C
Shut down temperature Tren Egaidstgr;?erature from thermal shut ) 125(1) : oC
OVER CURRENT ALERTING
iroshold oo RTar e 85 92 %
. taLTon On alerting assertion 20 50 200 us
Propagation delay - -
taLTore On alerting de-assertion 3 10 25 us
ALERT _N leak current likaLT Vatert n = 5.5V - 0 1 A
IAebEIRT—N output voltage *L” |y, lacerr n = 1A sink - 0.05 0.10 v

*1: No production tested, ensure by design.
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PERFORM

MB39C502/503/504

VIN = 7.4V, VDD, BST and EN connect to 5V power supply, PGND, LX = Q0V. Ta = =30°C to +85°C, unless otherwise

noted.
(MB39C503)
. Value i
Parameter Symbol Condition - Unit
Min | Typ Max
DRIVER
. . . Rron At 100mA current sourcing - 3(*1) - Q
High side on resistance —
RroL At 100mA current sinking - 1(*1) - Q
. . Rion At 100mA current sourcing - 4(*1) - Q
Low side on resistance —
Riou At 100mA current sinking - 0.75(*1) - Q
High side source current IsreH Vprvn = 2.5V - 0.7(*1) - A
High side sink current IsinkH VprvH = 2.5V - 1.1("1) - A
Low side source current IsreL Vorw = 2.5V - 0.5(*1) - A
Low side sink current ISINKL VDRVL =25V - 1 7(*1) - A
. From DRVH turn off to DRVL turn on.
Dead time toean And reverse it. 10 20 - ns
BOOST SWITCH

Boost switch on resistance Rest lgst = 10mA - 30 50 Q

BST leak current ILKBST VBST =30V - 0.1 1.0 UA

*1: No production tested, ensure by design.
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PERFORM

MB39C502/503/504

VIN = 7.4V, VOUT, BST and EN connect to 5V power supply, PGND, LX = OV. Ta = =30°C to +85°C, unless otherwise

noted.
(MB39C504)
. Value i
Parameter Symbol Condition - Unit
Min Typ | Max
REFERENCE VOLTAGE
This voltage is compared to feedback
N 4.95 5.00 5.05 \'
Internal reference voltage Vrer voltage. Ta = 25°C
Ta=-10°C to 85°C 4.90 - 5.10 Vv
VOUTS input current IVOUTS VVOUTS =5.0V 2.5 5.0 12.5 |JA
ENABLE, SLP_N
. Ven Enable voltage range 2.5 - 25 \
Enable condition -
Vbss Disable voltage range 0 - 0.6 \
EN input current len Ven = 5.0V - 0.5 1.2 UA
\ LPM disable voltage range 0.65 - 5.5 \
SLP_N enable condition SLPDSB 9 9
VsLpen LPM enable voltage range 0 - 0.35 \"
SLP_N input current Istp N Vsip n = 5.0V - 0 0.1 JA
SUPPLY CURRENT
VOUT, VCC input current at PWM )
Ivoutpwm operating. Ta = 25°C 400 800 A
VOUT, VCC input current at idle state in
lvoutPem PFM operation. Static OA inductor - 200 400 uA
VOUT supply current current. Th = 25°C
VOUT, VCC input current at idle state in
lvoutLem LPM operation. Static OA inductor - 50 100 uA
current. Ta = 25°C
VOUT shutdown current IvouTson VOUT, VCC input current at Ven = 0V - 0.1 1.0 uA
VIN supply current lvin Vyin = 25V - 20 30 pA
VIN shutdown current Ivinson VIN input current at Vey = 0V - 0.1 1.0 pA
UNDER VOLTAGE LOCKOUT
Vuvio UVLO release voltage 3.99 4.14 4.29 \
VCC UVLO threshold -
Vhvs Hysteresis 0.005 0.070 0.200 \
SOFT START, DISCHARGE
Period of power on reset tror From enable ON to the switching 300 - 1400 us
initiating.
From the switching initiating after
Ramp up time tss enable ON to the output voltage 598 665 732 us
reaches 95%.
Discharge resistance RoiscHa VOUT = 0.2V, discharge enable. 50 100 200 Q
Discharge ends voltage VbiscHa Vesn voltage. 0.07 0.10 0.13 \
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PERFORM

VIN = 7.4V, VOUT, BST and EN connect to 5V power supply, PGND, LX = OV. Ta = =30°C to +85°C, unless otherwise

MB39C502/503/504

noted.
(MB39C504)
Parameter Symbol Condition - Value Unit
Min Typ I Max
ON TIMER
On time ton Vi = 7.4V, Vyour = 5.0V 802 872 942 ns
Minimum on time tminon Vyin = 7.4V, Vyour = 0.2V 100 200 - ns
Minimum off time tminorF - - 120 240 ns
CURRENTLIMITATION
Current limitation threshold | Vi OSP- oS Cneronce voltage at LM | 51 g 26.0 31.0 mv
ILIM input current lium Vium = 5.0V - 0 0.1 uA
CSP input current lcsp Vesp = 5.0V - 2.0 5.0 JA
CSN input current lcsn Vesn = 5.0V - 8.0 20.0 JA
OVER AND UNDER VOLTAGE PROTECTION
Over voltage threshold ratio | RToy Sgiggfﬁcﬁgg’sﬁ’;g°'tage At output 110 115 125 %
Propagation delay of OV tov - 4 10 25 us
gr;i((j)er voltage threshold RTuy \'jc?li etlg;ggg gféglsjitn\g?ltage. At output 65 70 75 %
Propagation delay of UV tuv - 40 100 200 us
POWER GOOD MONITOR
Power good threshold ratio | RTeq Saiggggﬁcfg;psﬁf"age At output 86 92 98 %
Hysteresis Ratio RThys - 3 5 7 %
. tra Power good 20 50 200 us

Propagation delay

tes Power bad 4 10 25 us
PWRGD leak current likpa Vewrap = 5.5V - 0 1 A
IF;‘\’I‘;TGD output voltage "L” |, | lewreo = 1MA sink - 0.05 0.10 v
THERMAL SHUT DOWN

TrspH Shut down temperature. - 150(*1) - °C
Shut down temperature TreoL Eg\i’b?]dstgtg?erature from thermal shut 3 125(1) B oG

*1: No production tested, ensure by design.

Document Number: 002-08449 Rev *A

Page 20 of 46




PERFORM

MB39C502/503/504

VIN = 7.4V, VOUT, BST and EN connect to 5V power supply, PGND, LX = OV. Ta = =30°C to +85°C, unless otherwise

noted.
(MB39C504)
. Value .
Parameter Symbol Condition - Unit
Min Typ Max
5V LDO
No switchover.
Output voltage Vipos ) 4.75 5.00 5.25 \"
VOUT input voltage < 4.4V
Outout X | No switchover. o5 A
utput curren _ _ m
P +0os Vui = 5.4V
No switchover.
Output short current ILposs - 80 125 mA
Vipos = OV
) Vswova VOUT voltage rising. 4.35 4.50 4.60 \
Switchover voltage -
Vhvs Hysteresis voltage. 0.08 0.10 0.12 \
) LDOS5 voltage reaches to 4.2V.
Startup time tsLoos 100 150 400 us
Cuoos, Cvec = 1.0pF
DRIVER
. . . Rron At 100mA current sourcing - 3(*1) - Q
High side on resistance —
RuoL At 100mA current sinking - 1(*1) - Q
. . Rion At 100mA current sourcing - 4(*1) - Q
Low side on resistance —
RioL At 100mA current sinking - 0.75(*1) - Q
High side source current IsrcH Vpryx = 2.5V - 0.7(*1) - A
High side sink current IsinkH Vprvn = 2.5V - 1.1(*1) - A
Low side source current IsreL Vorw = 2.5V - 0.5(*1) - A
Low side sink current ISINKL VDRVL =25V - 1 7(*1) - A
. From DRVH turn off to DRVL turn on.
Dead time toean And reverse it. 10 20 - ns
BOOST SWITCH
Boost switch on resistance Rast lgst = 10MA - 30 50 Q
BST leak current ILKBST VBST =30V - 0.1 1.0 lJA

*1: No production tested, ensure by design.
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== CvpRESS MB39C502/503/504
8. Protections and Power Good function
8.1 Description
(MB39C502/C503/C504)

This PWM Control IC has some protection functions UVLO, OVP, UVP, ILIM, and TSD for the assumed various power
system failures. Details of these protections are written as follows.

Under Voltage Lockout (UVLO)

The under voltage lockout (UVLO) protects ICs from malfunction and protects the system from
destruction/deterioration, according to the reasons mentioned below.

B Transitional state when the voltage inputs to VCC (5V power supply) terminal.

B Momentary decrease

To prevent such a malfunction, this function detects a voltage drop of the 5V power supply, and stops IC operations.
When the voltage of 5V power supply exceeds the threshold voltage of the under voltage lockout protection circuit, the
system is restored.

Over Voltage Protection (OVP)

This function stops the output voltage when the output voltage has increased, and protects devices connected to the
output. When the over voltage is detected, the controller is fixed that the high side switching FET is turned off and the
low side switching FET is turned on with 10us propagation delay. When the enable is reentered, this fixed state is
released and beginning soft start.

Under Voltage Protection (UVP)

This function stops the output voltage when the output voltage has lowered, and protects devices connected to the
output. When the under voltage is detected, the controller is fixed that the high side switching FET is turned off and the
low side switching FET is turned off with 100us propagation delay. When the enable is reentered, this fixed state is
released and beginning soft start.

Over Current Limitation (ILIM)

This function limits the output current when it has increased, and protects devices connected to the output. This
function detects the inductor valley current with current sense resister RSENSE. The differential voltage of the
CSP-CSN terminals is amplified to x20 by internal current sense amplifier, and compared to the limit voltage of 480mV
fixed at internal preset condition. Until the amplified voltage fall the limit voltage, the high side switching FET is held in
the off state. After the voltage has fallen below the limit voltage, the high side switching FET is placed into the ON
state. This limits the lower bound of the inductor current and also restricts the over current. As a result, it becomes
operation that the output voltage droops.

Thermal Shutdown (TSD)

This function prevents the PWM Control IC from a thermal destruction. If the junction temperature reaches +150°C,
the high side and low side switching FET are turned off. Then the discharge operation is carried out to discharge the
output capacitor (The discharge operation continues until the state of the thermal shutdown released). If the junction
temperature drops to +125°C, the soft start is automatically reactivated.

Power Good (PWRGD)

Power good flag is hoisted at PWRGD terminal (Open Drain) to “Hi-Z” level with 50us propagation delay, when the
output voltage becomes larger than 92% of the output setting voltage. It is related by the OVP protection written
above. When the output voltage becomes lower than power good threshold level, the PWRGD terminal is changed to
“L” level with 10us propagation delay.
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# CYPRESS MB39C502/503/504
© T PERFORM
State Table of Protection Function
(MB39C502/C503/C504)
. . High Side Low Side Output
Protection Function Remarks
FET FET state
Under Voltage Lockout (UVLO) OFF OFF OFF After rel_easin_g UVLO, the System is an automatic
restoration with soft start.
) Latch Latch stall.
Over Voltage Protection (OVP) OFF ON
OFF It returns the System by enable reentry.
) Latch Latch stall.
Under Voltage Protection (UVP) OFF OFF
OFF It returns the System by enable reentry.
Over Current Limitation (ILIM) Switching Switching - The output voltage is drooped with current limitation.
Thermal Shutdown (TSD) OFF OFF OFF After rel_easm_g TSD, the System is an automatic
restoration with soft start.

8.2 Timing Chart

(MB39C502/C503/C504)
Under Voltage Lockout Protection (UVLO)
Turn On
EN
— 5V
vce Power on Reset ~
! 200us — 1000us Power on Reset
- h— 240us
e 4
UvLO
DRVH
DRVL
VOUT 2 92% of ‘
Setting Voltage — f
VOoUT / \
PGOOD Power “Good ” Power “Good”
To VCC T [sous
Propagation Delay
time
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MB39C502/503/504

== CYPRESS

=
PERFORM

Over Voltage Protection (OVP)

Turn On
u Turn Off

5V
| Power on Reset
<

vce

Power on Reset
! 200us ~1000us
[ —

10us

VouT i }
: i Propagation Delay
: /

| I
VOUT > 92% of ‘

ovp ‘
PGOOD L Jower “Good ” Power “Good ”
To VCC 50us
Propagation Delay
time
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MB39C502/503/504

=¥ CYPRESS
PERFORM
Under Voltage Protection (UVP)
Turn On
i u Turn Off
— 5V
vee Power on Reset Q)wer on Reset
! 200us - 1000us
— P
UVLO
DRVH
oRL__ || | NI
VOUT 2 92% of
setting Voltage ~ VOUT <87%o < :
vout ! Setting Voltage ' ﬁ
— <m 3
UvpP i 3 Propagation Delay !
PGOOD Power “Good ” ;eg;agaﬁon Delay Power “Good ”
To VCC T oo I
Propagation Delay
time
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