MC34700

9.0 to 18 V, Quad Output, Integrated MOSFET Power Supply
l Rev. 5.1 — 11 September 2017 Data sheet: technical data

1 General description

The 34700 is a compact, high-efficiency power supply with on-chip power MOSFETSs that
features three step-down switching regulators and one low dropout linear regulator. The
switching regulators utilize voltage mode control with external compensation, allowing
flexibility in optimizing the performance of the 34700 for a given application.

The 34700 is ideal for space constrained applications where multiple power rails are
required and simplicity of design and implementation of the power supply is necessary.
Overvoltage, undervoltage, overcurrent, and overtemperature protection features ensure

robust and reliable operation. Fixed switching frequency, intgsgal soft-start, and internal
power MOSFETSs enable rapid power supply design and d%nent.

The 34700 is well suited for power supply designs irPwi riety of applications,
including set top boxes, cable modems, laser print machines, point-of-sale

terminals, small appliances, telecom line cards, players.
2 Simplified application diagram ('Q
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Figure 1. 34700 application diagram
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9.0 to 18 V, Quad Output, Integrated MOSFET Power Supply

3 Features and benefits

4 Applications

Three switching regulators: 2 synchronous and 1 nonsynchronous
One low dropout linear regulator

Output current capability:

— 1.5 A continuous on channel 1

—1.25 A continuous on channels 2 and 3

— 400 mA continuous on channel 4

— Internal power MOSFETs on all channels

Voltage feed-forward on channel 1

1+1.5 % output voltage accuracy on all channels

Cycle-by-cycle current limit and short-circuit protection

Fixed 800 kHz switching frequency

Internal soft-start Q
Overvoltage, undervoltage and overtemperature p.ot
Open-drain power-good output signal \
Separate active-high enable input for each ch

Pb-free packaging designated by suffix co

» Set-top boxes and receiver:

6(
s &
» Cable modems . Q

* Networking cards

e Telecom line cards 6\
'\
N

5 Orderable parts

»

Table 1. Orderable part variations g»

Part number

\) - Temperature (Tp) Package

MC34700EP/R2

—40°Cto85°C 32 QFN

MC34700
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6 Pinning information

9.0 to 18 V, Quad Output, Integrated MOSFET Power Supply

6.1 Pinning
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Figure 2. MC34700 pin connectj

hd
6.2 Pin definitions \
N%,
Pin S(% Description
1,32 Buck regulator #1’s power input voltage. VIN1 is connected to

the drain of the DC/DC #1’s high-side MOSFET. Local bypass
capacitors are recommended.

s
<\' SW1

Buck regulator #1’s switching node. SW1 is connected to
the source of the high-side MOSFET. Connect this pin to the
cathode of the catch diode and the output inductor.

BST1

Buck regulator #1’s bootstrap capacitor input. Connect a
capacitor between the BST1 and SW1 pin of DC/DC #1 to
enhance the gate of the high-side MOSFET during switching.

GND2

Buck regulator #2's power ground. GND2 is connected to the
source of DC/DC #2's low-side MOSFET. Connect this pin to the
DC/DC #2’s power return path.

Sw2

Buck regulator #2’s switching node. SW2 is connected to source
of the high-side and the drain of the low-side MOSFET. Connect
this pin to the output inductor.

VIN2

Buck regulator #2’s power input voltage. VIN2 is connected to
the drain of the DC/DC #2’s high-side MOSFET. Local bypass
capacitors are recommended.

BST2

Buck regulator #2’s bootstrap capacitor input. Connect a
capacitor between the BST2 and SW2 pin of DC/DC #2 to
enhance the gate of the high-side MOSFET during switching.

MC34700
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Pin

Symbol

Description

COMP2

Buck regulator #2's compensation output. COMP2 is connected
to DC/DC #2's error amplifier's output. Connect the required
external compensation network between the COMP2 pin and the
FB2 pin.

10

FB2

DC/DC#2’s error amplifier inverting input. Connect the required
compensation network and feedback network to this terminal as
appropriate.

11

EN1

This input enables buck regulator #1. Asserting EN1 high turns
on DC/DC #1. The internal control logic remains active as long
as VIN is present.

12

EN2

This input enables buck regulator #2. Asserting EN2 high turns
on DC/DC #2. The internal control logic remains active as long
as VIN is present.

13

EN3

This input enables buck‘reg .:Asserting EN3 high turns
on DC/DC #3. The intern | logic remains active as long
as VIN is present.

14

EN_LDO

This input enables
the LDO. The in
is present.

@

. Asserting EN_LDO high turns on
ntrol logic remains active as long as VIN

15

FB3

DC/DC#S%rr amplifier inverting input. Connect the required
cop 0¥ network and feedback network to this terminal as

ap

16

u }gulator #3’s compensation output. COMP3 is connected
tONDC/DC #3's error amplifier's output. Connect the required

ternal compensation network between the COMP3 pin and the
FB3 pin.

Buck regulator #3’s bootstrap capacitor input. Connect a
capacitor between the BST3 and SW3 pin of DC/DC #3 to
enhance the gate of the high-side MOSFET during switching.

Buck regulator #3’s power input voltage. VIN3 is connected to
the drain of the DC/DC #3’s high-side MOSFET. Local bypass
capacitors are recommended.

SW3

Buck regulator #3’s switching node. SW3 is connected to source
of the high side and the drain of the low-side MOSFET. Connect
this pin to the output inductor.

20

GND3

Buck regulator #3’s power ground. GND3 is connected to the
source of DC/DC #3’s low side MOSFET. Connect this pin to the
DC/DC #3’s power return path.

21

LDO_FB

LDO error amplifier inverting input. Connect the appropriate
output voltage feedback resistor divider to this pin.

22

LDO

LDO regulator output. Connect this pin to the feedback resistor
divider and output capacitor.

23

LDO_VIN

LDO’s power input voltage. LDO_VIN is connected to the drain
of the linear regulator’s pass device. Local bypass capacitors are
recommended.

24

VIN

IC supply voltage input. This pin should be decoupled from
the buck regulator’s power input voltages (VIN1, VIN2, VIN3).
Filtering is required for proper device operation.
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Pin

Symbol

Description

25

VGREG

This is the output of an internal linear regulator which is used to
supply the gate drivers. The VGREG linear regulator is driven
from the input supply voltage VIN, and it’s output is also used to
drive the gates of the low side MOSFETSs of regulators DC/DC
#2 and DC/DC #3, as well as the LDO. Connect this pin to a low
ESR, 1.0 yF bypass capacitor.

26

VDDI

Internal regulator output used to supply the internal logic and
analog blocks. VDDI is driven from the gate drive supply voltage,
VGREG. Connect this pin to a 1.0 yF, low ESR decoupling filter
capacitor.

27

PGOOD

Status signal used to indicate that all the regulators’ output
voltages are good. Upon a fault occurrence, this output signal
goes low. PGOOQOD is an open draig output, and must be pulled
up by an external resistor to a saoply\oltage suitable for I/O.

28

AGND

Analog ground of the ICQInt}ang and logic signals are
referenced to this pin. x\

29

VOUT1

Mvﬂ is connected to a discharge
s used to discharge the output of DC/

DC/DC#1’s shunt i
MOSFET. This
DC1 when th
or a short ci

30

FB1

D @e?ror amplifier inverting input. Connect the required
C nSFtion network and feedback network to this terminal as

p ate.

31

\mk regulator #1’s compensation output. COMP1 is connected

to DC/DC #1's error amplifier's output. Connect the required
external compensation network between the COMP1 pin and the
FB1 pin.

33

Thermal pad for heat transfer. Connect the thermal pad to the
analog ground.
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7 Simplified internal block diagram
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Figure 3. Internal block diagram
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8 General product characteristics

8.1 Absolute maximum ratings

Table 2. Maximum Ratings

All voltages are with respect to ground unless otherwise noted. Exceeding these ratings may cause a malfunction or

permanent damage to the device. This is a stress only rating and operation at these or any other conditions above those

indicated in the operational sections of this specification is not implied.

Ratings Symbol Value Unit

Electrical ratings

Input voltages \%

* Input voltage ViN -0.3t0 20

* Input DC/DC1 voltage, Iy =0 VN1 -0.3 to 20

* Input DC/DC2, 3, and LDO voltage sz, m ipo |—0.3to7

Switch node voltages x\\’ \

* Switch node DC/DC1 -0.3t0 20

 Switch node DC/DC2, DC/DC3 w2, Vsws -03to7

Bootstrap voltages \%

« Bootstrap DC/DC1 \ VisT1 ~0.3t0 25

i Bootstrap DC/DC2, DC/DC3 VBST2: VBST3 -0.3to 14

» Bootstrap voltage referenced to switch node voltage x Vst — Vsw -03to7

Compensation (COMP1, 2, and 3), feedback (FB1, FB3, W_FB), Voo | — -0.3t03 \Y
'

All other pins (EN1, 2, 3, EN_LDO, PGOOD, VGREG, LE\\OUTU — -03to7 \Y

ESD voltage M @ VEsp \%

* Human body model (HBM) all pins “A +2000

Thermal ratings \

Operating temperature < - °C

« Ambient C) Ta —40to +85

* Junction T, —40 to +125

Peak package temperature diging reflow @.6 TpprT 300 °C

Storage temperature M TstrRe —40to +150 |°C

Thermal resistance

Thermal resistance °C/W

* Junction-to-case Toyc 6.7

« Junction-to-ambient Toua 37

Power dissipation Pp w

e Tao=25°C 25

e To=70°C 1.3

e To=85°C 1.0

MC34700
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Ratings

Symbol

Value

Unit

Notes:

1. ESD testing is performed in accordance with the Human Body Model (HBM) (Czap = 100 pF, Rzap = 1500 Q).

2. Pin soldering temperature limit is for 10 seconds maximum duration. Not designed for immersion soldering. Exceeding
these limits may cause malfunction or permanent damage to the device.

3. NXP's Package Reflow capability meets Pb-free requirements for JEDEC standard J-STD-020C. For Peak Package
Reflow Temperature and Moisture Sensitivity Levels (MSL), go to nxp.com, search by part number. Remove prefixes/
suffixes and enter the core ID to view all orderable parts (for MC33xxxD enter 33xxx), and review parametrics.

8.2 Static and dynamic electrical characteristics

Table 3. Electrical characteristics

Characteristics noted under conditions 9.0 V< V<18V, —40°C<T,<85°C, GND =0V,
values noted reflect the approximate parameter means at T, = 25°C under nominal conditi®as

ess otherwise noted. Typical
, Owless otherwise noted.

Symbol Parameter Conditions O‘QR Typ Max | Unit
Power supply \'
VN VIN voltage Maximum — 18 — V
Minimum — 9.0 —
Isbe Standby current Vent = VeEng = 3 \k | LDO = — 8.95 15 mA
ov
N Operating current VENt = 3= VEN_ LDO = — 15.4 — mA
50V
v\ﬁ,\ 0V, Load=0A
Vppi Internal supply voltage p, N 23 25 27 V
Power-on reset \6
L. Ad
Vyeree RisnG | VGREG rising threshold @ — 35 | 40 | 45 v
VVGREG FALLING VGREG falllng thres d ?age —_— 3.0 34 4.0 V
- gy
VUGREG_HYS VGREG hyster. iwe — 02 | 055 | 1.0 Vv
VGREG linear regulator o
RyvcreGIN On resista lvereg = 80 mA — 30 — Q
VVGREG Output voltage — 475 | 525 | 55 Vv
VIN_dvidT Maximum input dV/dT VIN1=VIN — 10 — V/us
Bias voltages
CveREG VGREG decoupling VGREG=5.0V — 1.0 — uF
Cvopi VDDI decoupling VDDI=2.5V — 1.0 — uF
Enable
VEN123 Output enable logic high — 0.78 — - \Y,
VEN LDO threshold voltage
VENn1,2,3 VEN_LDo | Output enable logic low — — — 0.61 \%
threshold voltage
Ren_IN EN input resistance to ground — — 1.5 — MQ
tDELAY1 Delay from enable to soft start | — — 1.0 — ms
DC1

MC34700
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Symbol Parameter Conditions Min Typ Max | Unit
tpELAY2,3 Delay from enable to soft start | — — 160 — ms
DC2, DC3
Reference
VREF123 DC/DCA1, 2, 3 reference voltage |— 0.690 | 0.700 | 0.710 \%
VREF_LDO LDO reference voltage — 0.690 | 0.700 | 0.710 \%
Oscillator
fsw Switching frequency — ‘ 760 ‘ 800 ‘ 840 ‘ kHz
Soft-start
tss BUCKREG Soft-start duration DC1, 2, 3 — 25 3.5 45 ms
tss Lpo Soft-start duration LDO — 0.5 0.7 ms
Ramp generators . r\
VRAMP_AMP1 Ramp amplitude (DC/DC1) Vee_cant X Pyint,Pying = 18* E‘V 1.0 — Vpp
VEE GAINT VFF gain (DC/DC1) — — 0055 | — VIV
VRAMP_AMP2,3 Ramp amplitude (DC/DC2,3) Vee_cainz X Pyinz,Pyi % — 1.25 — Vpp
VEF GAIN23 VFF gain (DC/DC2,3) — & — | 0208 | — VIV
VRAMP_OFFSET Ramp bottom (DC/DC1,2,3) — & e — 0.2 — V
D, Min duty cycle (DC/DC1) ILoAD1 =® — — 16 %
D, Max duty cycle (DC/DC1) IL.ADGN‘ 68.4 — — %
D23 Min duty cycle (DC/DC2,3) ILOA‘D\\J A — 0 0 %
D23 Max duty cycle (DC/DC2,3) . p1=0A 83.6 — — %
Power-good O‘Q
Dov TH QV threshold, all re \ Percentage of set point — — 108 %
Ayv TH uv threshold,aIIAr@a‘ sv Percentage of set point 92 — — %
VoL paoop PGOOD outme\Mel lsink = 6.0 MA — 0.4 — Vv
tpG.RESET PGOOD r Ay — — 100 — us
tPG-FILTER PGOOD glit¢h rejection — — 10 — us
Buck converter 1
VIN1_MAX Maximum VIN1 input voltage — — 18 — V
VINT_MIN Minimum VIN1 input voltage — — 9.0 — V
VDC1VOUTMAX Maximum output voltage Vin=9.0V — 5.25 — \%
VDC1VOUTMIN Minimum output voltage ViN=9.0V — 20 — V
louTDc1MAX Maximum output current — — 1.5 — A
AvouTi Total system accuracy — -15 — 1.5 %
IsHORTY Peak short-circuit current limit | — 25 — 4.5 A
Rps(on)_Hs High side on resistance — — 150 — mQ
Rpo Equivalent dropout resistance V|g1O=A5.5 V, Voutr =3.3V, lLoap — 183 — mQ

MC34700
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Symbol Parameter Conditions Min Typ Max | Unit
Aga Error amplifier DC gain — — 110 — dB
GBW Error amplifier unity-gain — — 4.0 — MHz
bandwidth
SR Error amplifier slew rate @ 15 | — — 1.8 — V/us
pF
tumi Current limit timer — — 10 — ms
trIMEOUT1 Current limit retry timeout period |— — 100 — ms
Buck converter 2
VIN2_MAX Maximum VIN2 input voltage — — 6.0 — V
ViN2_MIN Minimum VINZ2 input voltage — —~ 1.5 — V
Vbcavoutmax | Maximum output voltage Vin =9.0 V \\ 36 — Vv
VDC2voUuTMIN Minimum output voltage ViN=9.0V ¢ T o7 — V
IOUTpcamax Maximum output current — — 1.25 — A
AVouT2 Total system accuracy — ’\‘ -15 — 1.5 %
ISHORT2 Peak short-circuit current limit | — Q\ 2.0 — 4.5 A
Rps(on)_Hs High-side on resistance — ( ) — 175 — mQ
Rps(on)_Ls Low-side on resistance — G e — 150 — mQ
Rpo Equivalent dropout resistance Ving 5 &ET =125V, — 150 — mQ
|L3Q 1.28 A
lsw2 SW2 leakage current @ =%V, VN =0V,EN2=0V | — | 400 — LA
Aga Error amplifier DC gain \ — 110 — dB
GBW Error amplifier unity gain 4 =g — — 4.0 — | MHz
bandwidth \
SR Error amplifier sIerPa‘ v — — 1.8 — V/us
tLim2 Current limit titﬁv — — 10 — ms
triMEOUT2 Current li Ymeout period |— — 100 — ms
Buck converter 3
VIN3_MAX Maximum VIN3 input voltage — — 6.0 — V
VIN3_MIN Minimum VIN3 input voltage — — 1.5 — V
VDC3voUuTMAX Maximum output voltage — — 3.6 — \%
VDC2vouTMIN Minimum output voltage — — 0.7 — V
IOUTpesmax Maximum output current — — 1.25 — A
AVouts Total system accuracy — -15 — 1.5 %
IsHORT3 Peak short-circuit current limit | — 2.0 — 4.5 A
Rps(on)_Hs High-side on resistance — — 160 — mQ
Rps(on)_Ls Low-side on resistance — — 140 — mQ
Rpo Equivalent dropout resistance Ving =17V, VouTr =125V, — 150 — mQ
lLoan=125A
Iswsa SW3 leakage current Vin=12V,ViNs=0V,Ens =0V — 400 — MA

MC34700
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Symbol Parameter Conditions Min Typ Max | Unit
Aea Error amplifier DC gain — — 110 — dB
GBW Error amplifier unity gain — — 4.0 — MHz
bandwidth
SR Error amplifier slew rate — — 1.8 — V/us
tLims Current limit timer — — 10 — ms
triIMEOUT3 Current limit retry timeout period |— — 100 — ms
Linear regulator
VINLDO Maximum LDO input voltage — — 6.0 — \%
VINLDO Minimum LDO input voltage — — 1.5 — \%
Vipo Maximum LDO output voltage — 3.6 — \%
Vipbo Minimum LDO output voltage — R 0.7 — \%
IL.po Maximum LDO output current — , 400 — mA
AV po Total system accuracy — -1.5 — 1.5 %
Vprop Maximum dropout voltage ILpo = 400 mA % — 250 — mV
Ppiss_Lbo LDO power dissipation — & — 375 — mW
IsHORT LDO Maximum output current — N — 1100 — mA
IsHORT LDO Minimum output current — @ — 500 — mA
CLpo Required output decoupling — Q‘ — 10 — uF
Cesr \ — 20 — mQ
trIMEOUT LDO Current limit retry timeout perioz@ N — 100 — ms
Thermal shutdown . 4
Tsp_max Maximum thermal SW — — 160 — °C
threshold
Tso Typical thermal sHutddvh — — 140 — °C
threshold
Tso_ i Minimum%‘shutdown _ — 120 | — °C
threshold
Tsp_Hys Thermal shutdown hysteresis — — 25 — °C

MC34700
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9 Electrical performance curves
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Figure 9. CH2 Loop Response - Application Example
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Figure 10. CH3 Loop Response - Application Example
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Figure 20. CH3 Transient Response

aaa-026874

| VOUT_LDO

VIN_LDO

(@D _soomv & @ sSoomv & @ S0.0mV 4 ‘Wﬂm

1.25Gs/s
s J{10M points

1.5 VIN_LDO, 0.9 VOUT_LDO @ 0 to 400 mA transient [

1 az nmv‘

aaa-026875

Figure 21. LDO Transient Response
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10 Functional device operation

10.1 |Initialization

When power is first applied to the 34700, the internal regulators and bias circuits need
to be up and stable before the power on reset (POR) signal is released. The POR waits
until the gate drive regulator’s voltage, Vgreg, has reached about 4.0 V before it allows
the rest of the internal blocks to be enabled.

Each regulator has an independent enable pin. This allows the user to program the
power up sequence to suit the application. As each regulator is turned on, it will execute
a soft start ramp of the output voltage. This is done to prevent the output voltage from
overshooting the regulation point. Without a soft start ramp, the output voltage will ramp
up faster than the control loop can typically respond, resulting,in overshoot. As a result,
the soft start periods for the switching regulators are Ionge%\s) than for the linear
regulator (0.5 ms). The soft start is active each tmelhe@ or is enabled, after a fault
retry, or when the IC power is recycled.

After a successful start-up sequence, where all t ators are enabled, no faults
have occurred, and the output voltage is in re . the power good signal goes open
drain after a 100 ps reset delay. A power g |nd|cates that all the regulators are

functioning in normal operation mode.

10.2 Operational modes
Each regulator of the 34700\ thiee basic modes of operation.

10.2.1 Normal mode @
In normal mode,‘ Aulator is fully operational. To be in this mode, the 34700 input
supply, VIN; be present and within its operating range. The regulator's power
input volta needs to be present and in range. The ENABLE pin for the regulator
needs t asierted, and the output voltage needs to be in regulation. No overcurrent or
th alﬁlts are present in normal mode.

10.2.2 Standby mode

In standby mode, the ENABLE pin for the regulator is held low and the regulator is
disabled. VIN needs to be present and within its operating range. The regulator’s power
input is not needed in this mode, but needs to be present and stable before transitioning
to normal mode. No faults are present in standby mode. Note that the standby mode
consumes the least amount of power.

10.2.3 Fault mode

In fault mode, the output is no longer in regulation, or an overcurrent or a thermal fault is
present. To be in this mode the 34700 input supply, VIN needs to be present and within
its operating range. The regulator’s power input voltage also needs to be present and in
range. However, if the power input is outside the operating range, a regulation fault may
occur. The ENABLE pin for the regulator needs to be asserted.
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10.2.4 Protection functions

The 34700 monitors the regulators for several fault conditions to protect both the system
load and the IC from overstress. The response of the 34700 to a fault condition is
described as follows.

10.2.5 Output overvoltage

An overvoltage (OV) condition occurs when the output voltage exceeds the overvoltage
threshold, Agy TH. This can occur if the regulator’s output is shorted to a supply with a
higher output voltage. In this case, the power good signal is pulled low, alerting the host
that a fault is present, but the regulator remains active. The regulator will continue to try
to regulate the output: DC/DC1 will pulse skip; DC/DC2, 3 will go to minimum duty; and
the LDO pass device will go high impedance.

To avoid false trips of the OV monitor, the power good cj as a 10 ys glitch filter.
Once the output voltage falls below the OV threshol&& k into regulation, the fault is

cleared and the power good signal goes high. \'

10.2.6 Output undervoltage a
An undervoltage (UV) condition occurs the output voltage falls below the
undervoltage threshold, Ayy tH. Thi ccur if the regulator’s output is shorted to
ground, overloaded, or the poweli Itage has decreased. In this case, the power

remains active. The regulaio, ntinue to try to regulate the output: DC/DCH1, 2, 3 will

good signal is pulled low, alerth{ ost that a fault is present, but the regulator
ill
go to maximum duty or currer§limit; and the LDO pass device will go to a low resistance.

To avoid false trips of t%/ monitor, the power good circuit has a 10 s glitch filter.
Once the output voltayge s above the UV threshold and back into regulation, the fault
is cleared and thx r good signal goes high.

10.2.7 Curren I@,Q
A % it condition for the switching regulators’ occurs when the peak current in

the de power MOSFET exceeds the current limit threshold. The switch current
is mowitored using a sense FET and a comparator. The sense FET acts as a current
detecting device by sampling a fraction of the current in the power MOSFET. This
sampled current is compared to an internal reference to determine if the regulator is
exceeding the current limit or not.

If the peak switch current reaches the peak current limit threshold (IsyorT), the regulator
will start the cycle by cycle current limit operation, the power good signal is pulled low
after the 10 ps glitch filter, and a 10 ms current limit timer (t_ ;1) begins. The regulator will
stay in this mode of operation until one of the following occur:

¢ The current is reduced back to normal levels before the current limit timer expires and
normal operation is resumed.

¢ The current limit timer expires without regaining normal operation, at which time
the regulator turns off. The regulator remains off for a 100 ms retry timeout period
(trimeour), after which the regulator will attempt a soft start cycle.

* The switch current continues to increase until it exceeds the cycle by cycle current
limit by approximately 1.0 A. At this point the regulator shuts down immediately. The
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regulator remains off for a 100 ms retry timeout period (ttmeout), after which the
regulator will attempt a soft start cycle.

* The device reaches the thermal shutdown limit (Tgp), the regulator turns off.

10.2.8 Thermal shutdown

A thermal limit condition occurs when a power device reaches the thermal shutdown
threshold (Tgp). The temperature of the power MOSFETSs in the switching regulators
and the LDO are monitored using a thermal sensing transistor located near the power
devices.

If the temperature of a switcher or an LDO reaches the thermal shutdown threshold, the
switcher or LDO regulator will switch off and the PGOOD output would indicate a fault
by pulling low. The regulator will stay in this mode of operation until the temperature of
the die has decreased by the hysteresis value, and the reg will attempt a soft start
cycle.
.

10.2.9 Power supplies 2\\

10.2.9.1 DC/DC1

This is a nonsynchronous switching bu&re lator, utilizing a feed-forward voltage mode
control, with external compensatign. the only converter in this IC that will regulate
from a wide input supply voltageK to 18 V. It is capable of generatinga 2.0 V to
5.25V output at 1.5 A. .

10.2.9.2 DC/DC2 @h
This is a synchrgnqu #Ching buck regulator whose input can be fed from DC/DCA1,
or an external 1. .0 V source. It utilizes voltage mode control with external

compensati pable of generating a 0.7 V to 3.6 V output at 1.25 A.

10.2.9.3 DC/DCQ\C)

Thi egulator is identical to DC/DC2. Note that all three switching regulators switch
at 80§ kHz, and are 120° out of phase to help reduce system noise and input surge
currents.

10.2.9.4 LDO

This low-dropout regulator can feed off of any of the switching regulators or from an
external 1.5V to 6.0 V source. The dropout voltage is 250 mV at the rated load. It is
capable of generating a 0.7 V to 3.6 V output at 400 mA.

10.3 Design and component guidelines

10.3.1 Input/output configuration

The 34700 has independent inputs for each regulator. This allows a high degree of
flexibility regarding the IC configuration.
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First, consider what supplies are available in the application, and the input voltage range
for each regulator. Only Buck Converter 1 has a 9.0 V to 18 V input voltage range. All the
other regulators have a 1.5V to 6.0 V input voltage range.

Next, consider the output voltages and currents required, and how best to match them
to the 34700. Buck Converter 1 is capable of 2.0 V to 5.25 V at 1.5 A, while Buck
Converters 2 and 3 are capable of 0.7 V to 3.6 V at 1.25 A each. The LDO is capable of
0.7 Vto 3.6 V at a 400 mA output.

Some sample configurations are show in Figure 22 through Figure 24. Note that not all
combinations are shown, and all the regulators require an input voltage higher than the
output voltage.

Buck
9.0to 18 VIN Converter 1 20Vto5.25VOUT
1.5 A max
Buck
1.5t0 6.0 VIN Converter 2

1.5t0 6.0 VIN t0 3.6 VOUT
1.25 A max
o
1.5t0 6.0 VIN 0.7V1t03.6VOUT

400 mA max

&O aaa-026876

Figure 22. General configurati
hd A J
| Buck
9.0to 18 VIN Converter 1 2.0Vt05.25V OUT
\@ Buck

\NG.O VIN Converter 2 0.7 V10 3.6 VOUT

Q Buck
@ Converter 3 0.7Vt03.6VOUT
v ,,,,,,,,,,,,,,,, — LDO I

aaa-026877

*

------@

Figure 23. Dual input supply configuration
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Buck o
9.0to | Converter1 20Vto5.25V OUT
18 VIN

Buck
Converter 2 0.7Vto 3.6 VOUT
Buck -
| Converter 3 [ 1 0.7 Vto 3.6 VOUT
| |
| |
! |
|
. I LDO —
0.7Vto
3.6 VOUT
aaa-026878
Figure 24. Single input supply configuration N

10.3.2 Input/output power ’; O

Based on the application specifications and the r s configuration, the input and
output power requirements need to be checked.%&ve LDO, the input and output

powers are calculated:
IQ@)& Vour*lout

*
\ INLDO) = Vin* Iy

<

¢ Iy =Ioyr

For the bu@Qﬂers, the input and output powers are calculated:

?& Pout@uck)=Vour* lout

PoUT(BUCK)
PINBUCK) =77

_ PiNuck)
Iiy= ViN

Where n is the estimated efficiency of the buck converters, use 0.85 for the initial
estimate.

When making the power calculations, be sure to include any input currents from
regulators that are connected to the converter as part of the output current. For example,
the input currents of Buck Converters 2 and 3 should be added to the system load
current of Buck Converter 1 shown in Figure 24. After completing the calculations for

all the regulators, check to make sure there are no violations of the power budget —
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input currents exceeding supply current capabilities, or output currents exceeding the
regulator’s rating.

Minimum/maximum duty limit

Based on the application specifications, the minimum and maximum duty cycle of the
buck converters need to be checked against the limits. For Buck Converter 1, there is
a minimum limit of 16 % and a maximum limit of 68.4 %. For Buck Converters 2 and 3
there is a maximum limit of 83.6 %. The duty cycle for a buck converter is calculated
using:

14
D:%AOO%

This equation works for calculating the minimum dutx c@ wever, the above formula

does not take into account load currents and losses. accurate equation for
calculating the maximum duty under load follows: K

|4 +(R
Dyyay = 21 (Vi@ 0UT . 100%

Where Rpg is the equivalent dro&@stance of the buck converter and Rp is the DC

resistance of the inductor.

*
Check to make sure all the Qwerters are within the duty cycle limit. Converters,
where the calculated maximum®uty cycle exceeds the limit, run the risk of dropping
out of regulation under Conversely, the maximum duty cycle limit can be used to
predict the maxign adcurrent that can be drawn without the output dropping out of

regulation. Q\
C) DyvaxVIN v
& ~100% __/OUT

V Tout(MAX) = " (RpgtRng)

LDO dropout and power dissipation

The input of the LDO needs to exceed the output voltage by a minimum of 250 mV, in
order to maintain regulation. If the input voltage falls below the dropout level, the output
voltage will also start to fall and begin to track the input voltage down. However, choosing
an input voltage that exceeds the output voltage by a large amount is not recommended
either. This is due to increased power dissipation. The linear regulators power dissipation
is calculated using:

Ppiss= (Vour— Vin) X lout

Since the maximum power dissipation for the LDO is 375 mW, the user can determine
what the limits are for the LDO’s input voltage.
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0.375

10.3.5 Cascaded operation, sequencing, and leakage

When the 34700 is configured for cascaded operation, where the output of one regulator
powers the input of another regulator (see Figure 24), the startup sequence also needs
to be cascaded. The output voltage of the first regulator needs to be up and stable before
enabling the downstream regulator, otherwise startup overshoot can occur.

Even without being configured for cascaded operation, the user may prefer the cascaded
sequence to prevent startup latch-up or race conditions. With the four independent
enables provided, the user can program any power up sequence that the application
requires. The enable pins can be controlled by a host procesagr, a programmable

logic device, or a power supply sequencer IC. If the applic%quires a simpler
implementation of the cascaded sequence startup, g,si ble signal can be used to
start the first regulator in the sequence. When the fi tor is near or in regulation,
its output is used to enable the next regulator in t nce. See Figure 25. Note that
there is a time delay from when the enable signdl j6Wsserted, until when the soft start
ramp begins. For Buck Converter 1, the dela ally 1.0 ms. For Buck Converter 2
and 3, the delay is typically 160 us.

When sequencing the regulators on, arameter that must be considered is the

leakage specification. Buck Con and 3 exhibit 400 pA of leakage current
between VIN and the switch nodg. esults in the output voltage floating up if the
load impedance is high. In €asafs re the output voltage is floating, it is recommended
adding a 1.0 KOhm resistor en the output and ground.

R3 R5
EN2 VOUT2 M— EN3 VOUT3 M— LDO_EN LDO—

ENABLE—

PGOOD

VOUT1

VOuT2

VOUT3

w LDO
Y t

0.5ms

0.1ms

2aa-026879

Figure 25. Cascade sequence

10.3.6 Shutdown sequence

The shutdown sequence is controlled by the enable pins. By pulling the ENABLE pin

low or letting it float, the corresponding regulator is disabled. If the application is being
controlled by the host processor or programmable logic device, the regulators can be
shutdown in any order. Most power supply sequencer ICs shutdown the regulators in the
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reverse order of their startup. The first regulator that is turned on is the last regulator to
be turned off. For the single ENABLE pin sequencer shown in Figure 25, the shutdown
order is the same as for startup; the first regulator that is turned on, is the first regulator
turned off.

10.3.7 Layout guidelines

The layout of any switching regulator requires careful consideration. First, there are high
di/dt signals present, and the traces carrying these signals need to be kept as short and
as wide as possible to minimize the trace inductance, and therefore reduce the voltage
spikes they can create. To do this an understanding of the major current carrying loops

is important. See Figure 26. These loops, and their associated components, should be
placed in such a way as to minimize the loop size to prevent coupling to other parts of
the circuit. Also, the current carrying power traces and their associated return traces
should run adjacent to one another, to minimize the amount{of Woise coupling. If sensitive
traces must cross the current carrying traces, they shou ade perpendicular to one
another to reduce field interaction. ¢ 6

The critical small signal components are the on ciated with the feedback circuit.

Second, small signal components which connec’ig ive nodes need consideration.
The high impedance input of the error am@ ally sensitive to noise, and the
0
fi

feedback and compensation component e placed as far from the switch node,
and as close to the input of the error anfjjlifie as possible. Other critical small signal
components include the bypass or VIN, VGREG, and VDDI. Locate the
bypass capacitors as close to th& ossible.

The use of a multi-layer prit e@ﬂt board is recommended. Dedicate one layer,
usually the layer under the to er, as a ground plane. Make all critical component

ground connections witk™as to this layer. Make sure that the power grounds, GND2 and
GND3, are connecte @Iy to the ground plane and not routed through the thermal
pad or analog gnow&edicate another layer as a power plane and split this plane into
local areas for on voltage nets.

The IC inp ly (VIN) should be connected through an RC filter to the 9.0 to 18 V

i @prevent noise from Buck Regulator 1's power input (VIN1) from injecting
oise into the analog circuitry. If possible, further isolation can be made by
edicated trace for VIN, and a separate trace for VIN1.

r to effectively transfer heat from the top layer to the ground plane and other
layers of the printed circuit board, thermal vias need to be used in the thermal pad
design. It is recommended that 5 to 9 vias be spaced evenly and have a finished
diameter of 0.3 mm.

Loop Current

Loop Current

SD Current Current
SD ON I
BUCK BUCK CONVERTER
CONVERTER 1 2and3

2aa-026880

Figure 26. Current loops

MC34700 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2017. All rights reserved.

Data sheet: technical data Rev. 5.1 — 11 September 2017

22/39



NXP Semiconductors MC34700

9.0 to 18 V, Quad Output, Integrated MOSFET Power Supply

10.3.8 Component selection

10.3.8.1 Setting the output voltage

For all the regulators, the feedback resistor divider sets the output voltage. See Figure 27
for the feedback and compensation components referred to in the equations. For the
buck regulators, choose a value of about 20 K for the upper resistor, and calculate the
lower resistor using the following equations:

Rurz Rrop * VREF
BOT ™ Vouyr - VREr

Rrop Q
Vour= VREF( RBOT: 1b

where, Ve = 0.7V @\\
For the LDO regulator choose a value of Efb@ or the lower resistor, and calculate

the upper resistor using the following equ

Vour
BOT\ VRgr
*
\ Rrop
@ Vour= VREF( Rgor T 1)
<\
where, Vrepé \
Choose th st standard resistance values, check the output voltage by using the

equatio& e, and adjust the values if necessary.

10.3.8.2 Settig the Enable for Cascade sequencing

For the cascaded startup sequence shown in Figure 25, the resistor divider sets the
output voltage level where the next the next regulator in the sequence will start or
shutdown. For top resistors R1, R3, and R5, choose a value of 10 K, and calculate the
value for the bottom resistors R2, R4, and R6, using the following equation:

0.78Rpop
Rgot= 095V557-0.78

where, Vgur is the value calculated above using standard value resistors.

Choose the closest standard resistance values and check the output voltage levels that
enable and disable the regulator in sequence, using the following equations, and adjust if
necessary:
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R +R,
Vouren) = 0-78( T%I;OfOT )

Rrpt+R
VouT(DIsABLE) = 0-61( T(I)%ZOTB n )

These equations should give an enable of ~95 % of Vgoyr, and a disable of ~75 % of
Vour-

Catch diode

An external catch diode is required for Buck Converter 1 to provide a return path for
the inductor current when the high-side switch is off. The catgiy diode should be located
close to the 34700 and connected using short, wide traces Sgee%ection 10.3.7 "Layout

guidelines" for more details. . O

It is recommended to use a Schottky diode, due to%w forward voltage drop and fast
switching speed. This provides the best efficien rformance, and is especially
true when the output voltage is less than 5.0 e a Schottky witha 2.0to 3.0 A
average output current rating and a revers Itage specified for 30 V.

minimize the load transientre$o time. For continuous conduction mode (CCM)
operation, where the inducto s not fully discharge during the switch off time, and
assuming an ideal swit@d catch diode, the following equation is used:

.
\§ 7N ORL(c! MY SR B
Q INMAx) ~ Vour) * Tiyoax X 7 sw  Nxlout(MAX)

where, IS"the switching frequency and N is the ripple current to output current ratio.

Inductor 9‘
The output inductor is sized toié output voltage ripple requirements, and to

A higbfripble current to output current ratio gives improved load transient response, but
also ycreases output ripple, and results in lower efficiency. A value of 0.3 to 0.4 for N
represents a good trade off between efficiency, ripple, and load transient response.

After calculating a value for the inductor, choose the closest standard value and then
determine the ripple current and peak current using the following equations:

A_(VIN(MAXJ-VOUT) Vour i
- L VINMAX) © fow

a1,
Ipgak = loutMax)+ 2

The peak inductor current determines the required saturation current rating of the
inductor. Choose an inductor with a saturation current rating that’s large enough to
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compensate for circuit tolerances. The minimum acceptable margin for this purpose is at
least 20 % above the calculated rating.

To minimize copper losses, choose an inductor with the lowest possible DCR. As a
general rule of thumb, look for a DCR of approximately 5.0 mOhms per pH of inductance.

10.3.8.5 Output capacitor

The output capacitor is required to minimize the voltage overshoot and undershoot in
response to load transients, and to reduce the ripple present at the output of a buck
regulator. The same holds true for the linear regulator.

For the LDO, a 10 pF, low ESR capacitor is required as the output capacitor. Other
values may result in instability. Make sure the capacitor has good temperature
characteristics, and a suitable voltage rating. As a general rule, choose ceramic
capacitors with a X5R, or X7R dielectric and a voltage rati .5 to 2 times the output
voltage, but check with the manufacturer for detailed inf

For the buck converters, large transient load overs o caused by insufficient
capacitance, and large voltage ripple is caused b ient capacitance, as well
as high equivalent series resistance (ESR) in th%citor. To meet the application
requirements, the output capacitor must be s with ample capacitance and low
ESR.

To deal with overshoot, where the ou &)I ge overshoots its regulated value when
a full load is removed from the o t@ output capacitor must be large enough to
prevent the energy stored in the_i from causing the voltage to spike above

the specified maximum outpu@ . The amount of capacitance required can be
estimated using the foIIowin% tion:

@ Llpga)*

L J C -
OUT™ (av+v oup)*V our?

maximum output voltage overshoot.

% capacitance tolerance and choose the closest standard value.

c _ VRippLE
ESR= " Al

where, VRippLE is the specified ripple voltage allowed.

10.3.8.6 Input capacitor

Generally, a mix of bypass capacitors is used for the input supply. Use a small ceramic
capacitor for high frequency decoupling, and bulk capacitors to supply the surge of
current required each time the high-side MOSFET turns on. Place the small ceramic
capacitor close to the power input pins.

For reliable operation, select the bulk input capacitors with voltage and RMS ripple
current ratings above the maximum input voltage, and the largest RMS current required
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by the application. As a general guideline, the capacitor’s voltage rating should be around
1.5 times the maximum input voltage, but the manufacturer’'s de-rating information should
be followed. The RMS ripple current rating that the bulk input capacitors require can be
estimated by the following equation:

Iinwwms) = ToyryD - D

where D = VOUT/VIN-

The worst case occurs when V |\ = 2 x Vgur, Yielding a worst case ripple current of
linrms) = louT/2.
The bulk input capacitance required for a buck converter depends on the impedance

of the input supply. For common laboratory supplies, 10 to of capacitance per
ampere of input ripple current is usually sufficient. Use thj neral guideline as a starting
point and adjust the input capacitance based on actsal ults.

Tantalum capacitors can be used as input capacitory, b& proper de-rating must be used
or they can fail "short" and present a fire hazard Ic capacitors and aluminum
electrolytic capacitors don’t have this failure sm, making them a preferred
choice. However, ceramic capacitors can it Piezo effect and emit an audible buzz.
Polymer capacitors do not have this audfbleNaoise problem, but they can also fail "short".
However, polymer capacitors are : are robust than tantalums, and therefore are
suitable as input capacitors. Con anufacturer for more information on the use
and de-rating of capacitors.

Bootstrap capacitor

The external bootstr?;@citor is part of a charge pump circuit which is used to drive

the gate of the Ht ide N- MOSFET. This capacitor develops a floating voltage supply
which is refege the switch node (SW) or the source of the high-side MOSFET.
The bootstr@citor is charged every cycle, when the low-side MOSFET or the
catch dio @ cts, to a voltage of about Vgreg. To turn the high side switch on, the
bootstray, capacitor needs to be large enough to charge the gate-source capacitance
SFET without a significant drop in voltage. For the 34700, the bootstrap

Compensation

The voltage mode buck converters used in the 34700 require a Type Il compensation
network as shown in Figure 27. The Type Il network utilizes two zeroes to give a phase
boost of 180°. This phase boost is necessary to counteract the double pole of the output
LC filter.
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Figure 27. Type Il compensation network

compensation transfer functions. Before we can determine tge Cempensation we need to

The closed loop transfer function is comprised of the modu@he filter, and the
first calculate the gains and break frequencies of the,m

and filter.

GMOD -

where, Guyop is the modulator gain, ant& and Vramp are given in the electrical table.

\Q e 2m\LxC
where, f ¢ is the loca ic@he LC filter double pole.
. \s

N o1
Q fesp = ZGESR

whate, &xs the location of the ESR zero, and ESR is the equivalent series resistance
of {%v t capacitors.

As shbwn in Figure 27, the compensation network consists of the error amplifier (internal
to the 34700), and the external resistors and capacitors. If designed properly, the
compensation network will yield a closed loop transfer function with a high crossover

(0 dB) frequency, and adequate phase margin to be stable. Use the following steps to
calculate the compensation components.

1. Using the value for Rtop and Rgort, selected in Section 10.3.8.1 "Setting the output
voltage", calculate the value of RCOMP for the desired converter bandwidth, f;.
Typically fy is chosen to be 1/10™ of the switching frequency.

R _ Vramp<RroP/

This will set the high frequency gain of the error amplifier (Rcomp/RTop), and shift the
open loop gain up to give the desired bandwidth.
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2. Using the value for Rcomp, calculate the value of Ceomp, to place a zero, to cancel
one of the double poles. This zero (fz4) is placed at a fraction of the LC double pole
frequency.

_ 1

where, K| ¢ is the fraction of the LC filter
frequency = fz4/f_c. Typical values for K ¢ are 0.2 to 0.7, but begin with 0.5.

3. Using the values of Rcopmp and Ccomp, Calculate the value of Cs to place a pole (fpq)
at the ESR zero frequency. Note that if ceramic capacitors are used for the output
capacitors, the ESR zero will be at a very high frequency, making the calculated value
of C, very small. If this is the case, C, may not be needed, saving a component and
space.

Dyax<Vin
Gmop(f) = X

VRamp = I#s (DK
@ s (O RroptRCr

Heomn() = I+s(fxRcomp*Ccomp
com -
P s(tkRtop{Ccom P{ (f)foffofX[1+s(f)ch oMP’{g(cjgl\l\: 1}:8 D
%@ = Gpop(f) x Heomp(f)
where s(f) =j x 2 x f
@ C
C COMP

\ 2~ (2oRcomp<Ceomp* gl L

4, Calcu{(\; value of Rg and Cg, to place a zero (fz5) at the LC double pole

2

*

freq nd a pole (fpy) at half the switching frequency.

Rrop
; Ree= [emk

>f1c

1
Ctf = TR g

Choose the closest standard value for the compensation components. Although
precision components are not required, do not use poor quality components that have
large tolerances overtemperature. As a double check, it is recommended to use a
mathematical model to plot the closed loop response. Check that the closed loop gain

is within the error amplifier's open loop gain, and there is enough phase margin, and
make adjustments as necessary. A stable control loop has a gain crossing with close to
—20dB/decade, and a phase margin of at least 45°. The following equations describe the
frequency response of the modulator, feedback compensation, and the closed loop.
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A more intuitive representation of the mathematical model, is an asymptotic bode plot of
the buck converter’s gain versus frequency, as shown in Figure 28. Use of the previous
steps should result in a compensation gain similar to the one shown in the bode plot. The
open loop error amplifier gain bounds the compensation gain. Check the compensation
gain at fp4 or fpy, whichever is greater, against the capabilities of the error amplifier. For
reference, the equations for the compensation break frequencies are given.

_ 1
fZl ~ 2mxRcompCcomp

_ 1

o= LeompCa
Z”XRCOMP’{CC oMPC2

fZ1 @1 fPZ

GAIN
(dB)
#

ERROR AMP

Gwmop

fic fesr fo

Figure 28. Bode plot of the buck converter

FREQUENCY
(LOG Hz)
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11 Application example
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Figure 29. 34700 typical application
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12 Bill of material

Table 4. MC34700 bill of material

Item Qty |Part designer Value/rating |Part number/
manufacturer

R1 1 201/402/603 Metal or Thin Film Resistors 200 Q

R2 1 201/402/603 Metal or Thin Film Resistors 18.0 kQ

R3 1 201/402/603 Metal or Thin Film Resistors 4.70 kQ

R4 1 201/402/603 Metal or Thin Film Resistors 3.60 kQ

R5, R16 2 201/402/603 Metal or Thin Film Resistors 10.0 kQ

R6 1 201/402/603 Metal or Thin Film Resistors 4.7 Q

R7 1 201/402/603 Metal or Thin Film Resistors 680 Q

R8 1 201/402/603 Metal or Thin Film Resistors 1&{@ e

R9 1 201/402/603 Metal or Thin Film Resistors 649 RQ

R10 1 201/402/603 Metal or Thin Film Resistors kQ

R11 1 201/402/603 Metal or Thin Film Resi ‘% 5.6 kQ

R12 1 201/402/603 Metal or Thin Film R& 24.0 kQ

R13 1 201/402/603 Metal or Thi 'R sistors 150 Q

R14 1 201/402/603 Metal or Thi Resistors 20.0kQ

R15 1 201/402/603 Metal g 2 Film Resistors 2.87 kQ

C1,C2 2 25V 1210/1206”0 C‘apacitors X5R/X7R |22 yF

C3,C19 2 50V 04(22/06&“0 Capacitors COG 560 pF

C4, C20, C23 3 50\10%0\ m\/lLCC Capacitors COG 22 pF

c5 1 S%WM% MLCC Capacitors X5R/X7R |2700 pF

C6 - C10,C18,C25

4
7 woz/osos MLCC Capacitors X5R/X7R | 1.0 uF

C11-C13, C15, C16,

V' 1210/1206 MLCC Capacitors X5R/X7R |10 yF

MC34700

C27-C29

C14,C17,C26 3" 25V 0402/0603 MLCC Capacitors X5R/X7R |0.1 yF

C21, C22 2 50V 0402/0603 MLCC Capacitors X5R/X7R |1000 pF

C24 2 50V 0402/0603 MLCC Capacitors X5R/X7R |1200 pF

L1,L2, L3 3 3A Shielded Inductor 4.7 uH

D1 1 2A, 30V Schottky Diode B230A
Note:

NXP does not assume liability, endorse, or warrant components from external
manufacturers that are referenced in circuit drawings or tables. While NXP offers
component recommendations in this configuration, it is the customer’s responsibility to
validate their application.
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13 Package outline

For the most current package revision, visit www.nxp.com and perform a keyword search

using the 98ASA00473D listed.
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Table 5. Revision history

Document ID

Release date

Data sheet status

Change notice

Supercedes

MC34700 v6.0

20170911

Product

PCN 201612003F01

MC34700 v5.0

Modifications

* Changed the 98A package drawing from 98ASA10800D to 98ASA00473D
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15 Legal information

15.1 Data sheet status

Document status!"? Product status Definition

[short] Data sheet: product preview Development This document contains certain information on a product under development.
NXP reserves the right to change or discontinue this product without notice.

[short] Data sheet: advance information Qualification This document contains information on a new product. Specifications and
information herein are subject to change without notice.

[short] Data sheet: technical data Production This document contains the product specification. NXP Semiconductors

reserves the right to change the detail specifications as may be required to
permit improvements in the design of its products.

[1]1  Please consult the most recently issued document before initiating or completing a design.
[2] The term 'short data sheet' is explained in section "Definitions".

[3] The product status of device(s) described in this document may have changed since this document was publi @way differ in case of multiple
devices. The latest product status information is available on the Internet at URL http://www.nxp.com‘

15.2 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

Short data sheet — A short data sheet is an extract from a full data sl'get
with the same product type number(s) and title. A short data sheet is
intended for quick reference only and should not be relied upon to contai\

detailed and full information. For detailed and full information see t
relevant full data sheet, which is available on request via the loca
Semiconductors sales office. In case of any inconsistency or ¢ ith the
short data sheet, the full data sheet shall prevail.

*
Product specification — The information and d &ﬂ a
technical data data sheet shall define the specificati&y of product as

agreed between NXP Semiconductors and its c| mefyunless NXP
Semiconductors and customer have explicitl eed Ptherwise in writing.
In no event however, shall an agreement bé&ali hich the NXP
Semiconductors product is deemed fuligtions and qualities beyond

those described in the technical data t.

15.3 Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not

give any representations or warranties, expressed or implied, as to the
accuracy or completeness of such information and shall have no liability
for the consequences of use of such information. NXP Semiconductors
takes no responsibility for the content in this document if provided by an
information source outside of NXP Semiconductors. In no event shall NXP
Semiconductors be liable for any indirect, incidental, punitive, special or
consequential damages (including - without limitation - lost profits, lost
savings, business interruption, costs related to the removal or replacement
of any products or rework charges) whether or not such damages are based
on tort (including negligence), warranty, breach of contract or any other
legal theory. Notwithstanding any damages that customer might incur for
any reason whatsoever, NXP Semiconductors’ aggregate and cumulative
liability towards customer for the products described herein shall be limited
in accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to
make changes to information published in this document, including without

MC34700

All information provided in this document is subject to legal disclaimers.

%duct descriptions, at any time and without

limitation specification
it persedes and replaces all information supplied prior

to the publicati @‘r

lications that are described herein for any of these
ustrative purposes only. NXP Semiconductors makes
nore entdtion or warranty that such applications will be suitable
fq ified use without further testing or modification. Customers
ae onsible for the design and operation of their applications and

re s using NXP Semiconductors products, and NXP Semiconductors

epts no liability for any assistance with applications or customer product

esign. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications
and products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with
their applications and products. NXP Semiconductors does not accept any
liability related to any default, damage, costs or problem which is based
on any weakness or default in the customer’s applications or products, or
the application or use by customer’s third party customer(s). Customer is
responsible for doing all necessary testing for the customer’s applications
and products using NXP Semiconductors products in order to avoid a
default of the applications and the products or of the application or use by
customer’s third party customer(s). NXP does not accept any liability in this
respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those

given in the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

No offer to sell or license — Nothing in this document may be interpreted
or construed as an offer to sell products that is open for acceptance or

the grant, conveyance or implication of any license under any copyrights,
patents or other industrial or intellectual property rights.

Suitability for use in automotive applications — This NXP
Semiconductors product has been qualified for use in automotive
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applications. Unless otherwise agreed in writing, the product is not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer's own
risk.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

MC34700

All information provided in this document is subject to legal disclaimers.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

15.4 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.

NXP — is a trademark of NXP B.V.

© NXP B.V. 2017. All rights reserved.

Data sheet: technical data

Rev. 5.1 — 11 September 2017

371/39



NXP Semiconductors

MC34700

9.0 to 18 V, Quad Output, Integrated MOSFET Power Supply

Tables
Tab. 1.  Orderable part variations ...........c.cccoccociieninneen. 2 Tab.4. MC34700 bill of material ...........ccccceeeiiieeennis 31
Tab.2. Maximum Ratings ........cccoociiiiiiiiiieee 7 Tab. 5. Revision history .......ccccccooieiiiiniiciececiees 35
Tab. 3.  Electrical characteristics ...........cccococeviieviiieennns 8
Figures
Fig. 1. 34700 application diagram ..........c.ccccevievenienenns 1 Fig. 16. CH2 Short-circuit Response ........c...cccevevennnee. 14
Fig. 2. MC34700 pin connections .........cccccceerveeeiieeenne 3 Fig. 17.  CH3 Short-circuit Response ........cc..cccceveeenee. 14
Fig. 3. Internal block diagram ..........cccccceeevviiieieeiiinenn. 6 Fig. 18. CH1 Transient Response ...........cccccceevvvveeeennn. 14
Fig. 4. Typical CH1 efficiency (3.36 VOUT) ............... 12 Fig. 19. CH2 Transient Response ...........ccccceevvvveeeenn. 14
Fig. 5. Typical CH2 efficiency (2.49 VOUT) ............... 12 Fig. 20. CHS3 Transient Response ..........cccccveevevveeeenn. 14
Fig. 6. Typical CH3 efficiency (1.28 VOUT) ............... 12 Fig. 21. LDO Transient ONSE ovveeieiiieeeeiiieeeee s 14
Fig. 7. LDO Efficiency (0.89 VOUT) .....cccoevveiviveeennns 12 Fig. 22. General configli@tio® .............ccccvveeiiiiiiieeeens 18
Fig. 8. CH1 Loop Response - Application Example ....12 Fig. 23.  Dual ingut % nfiguration ...........c.cccoceee 18
Fig. 9. CH2 Loop Response - Application Example ....12 Fig. 24. Singlg)i xu gply configuration .............c....... 19
Fig. 10. CHS3 Loop Response - Application Example ....13 Fig. 25. Casc& ENCE .eeeiiiiee e 21
Fig. 1. EN CH1 Start-up .....ccccooeviieieiiiieeeeen 13 Fig. 26.  CUugfepRIoTDSs ....cccvvivieiieeii e 22
Fig. 12.  EN CH2 Start-up .....cccceecviiieeiiiiiee e 13 Fig. 27. compensation network ....................... 27
Fig. 13.  EN CH3 Start-up ...cccoooviieeiiiieeeeeee 13 Fig. 28. plot of the buck converter ...................... 29
Fig. 14.  EN LDO Start-up ......ccccceeriiieniieeiiiee e 13 Fig. 28: 00 typical application ..........cccccevieeeeiieenne 30
Fig. 15.  CH1 Short-circuit Response ...........cccccevceennns 13 Fif: ackage outling .........cccceeiiiiiniic i 32
’\Q&

0\\5

MC34700 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2017. All rights reserved.

Data sheet: technical data

Rev. 5.1 — 11 September 2017

38/39



NXP Semiconductors MC34700

9.0 to 18 V, Quad Output, Integrated MOSFET Power Supply

Contents

1 General description .........ccoooiiiiiicicccccccceeeeeeeens 1

2 Simplified application diagram ...........ccccceeneeee 1

3 Features and benefits ..........ccocooemmiiiiiiiiiies 2

4 Applications ... 2

5 Orderable parts .......ccccccmrerreiiiieiecccccccceneeeeeees 2

6 Pinning information ... 3

6.1 Pinning .....ooooii e 3

6.2 Pin definitions ... 3

7 Simplified internal block diagram ...................... 6

8 General product characteristics .......ccccccveeneenns 7

8.1 Absolute maximum ratings ...........cccccoeieiieennine 7

8.2 Static and dynamic electrical characteristics ...... 8

9 Electrical performance curves ...............ccc.uu.... 12

10 Functional device operation .............ccccccceece. 15 Q
104 INIGANZALON oo 15 . O
10.2 Operational modes ..........ccccoveeeeeciiieeciecieen. 15 \
10.21 Normal mode ........ccceeiiiiiiiiiee e, 15 \
10.2.2 Standby mode ..o 15

10.2.3 Fault mode ..o 15

10.2.4 Protection functions ...........coccooiiiiiii 16

10.2.5 Output overvoltage .......cccooceeeiiiiiieeeiiieee 16

10.2.6 Output undervoltage ..........ccccooeiiiiiiiiiieees 16 K
10.2.7  CUITENt MMt oo 16 O
10.2.8 Thermal shutdown .........cccoooviiiiiiiiiiiiceeeee. 17

10.2.9 Power suppli€s ......cccooveeeeiiiiiiiiciiireeeeee e 1
10.2.9.1 DCIDC oo, M
10.2.9.2 DC/DC2 \

10.2.9.3 DC/DC3 ... .7
10.2.9.4 LDO .o @..17
10.3 Design and component guidelinas g, \...-..... 17
10.3.1 Input/output configuration ........... ... 7. 17
10.3.2 Input/output power ............. L. 19
10.3.3 Minimum/maximum duty ligf® . N 20
10.3.4 LDO dropout and power q;?tion ................ 20
10.3.5 Cascaded operati n,Qeq encing, and
leakage ....cccoooee . N, e 21
10.3.6 Shutdown sequencel.........ccccceeeeeeeieiiiiciciinnes 21
10.3.7 Layout guidelines ...%........ccccoiiiiiiii e 22
10.3.8 Component selection ..............cccceiiiiiiieeenennn.. 23
10.3.8.1 Setting the output voltage ...........ccoccieirinen. 23
10.3.8.2 Setting the Enable for Cascade sequencing ....23
10.3.8.3 Catch diode ......cceeeveiieiiieeeiieee e 24
10.3.8.4  INAUCHOr .o 24
10.3.8.5 Output capacitor ..........cccccvveieeeieiiieeeiei, 25
10.3.8.6 Input capacitor .........cccceeeeeeieieieie e, 25
10.3.8.7 Bootstrap capacitor ..........c.ccceeeeieiiiiiiiiineeeenn. 26
10.3.8.8 Compensation .......cccccceeeeeeiiiiiiiciieeee e 26
1 Application example ........cccccoviiimrerreieeeeeeeee, 30
12 Bill of material ........ccoooiii e 31
13 Package outline ... 32
14 Revision history ... 35
15 Legal information ... 36

Please be aware that important notices concerning this document and the product(s)
described herein, have been included in section 'Legal information'.

© NXP B.V. 2017. All rights reserved.

For more information, please visit: http://www.nxp.com
For sales office addresses, please send an email to: salesaddresses@nxp.com

Date of release: 11 September 2017



	1  General description
	2  Simplified application diagram
	3  Features and benefits
	4  Applications
	5  Orderable parts
	6  Pinning information
	6.1  Pinning
	6.2  Pin definitions

	7  Simplified internal block diagram
	8  General product characteristics
	8.1  Absolute maximum ratings
	8.2  Static and dynamic electrical characteristics

	9  Electrical performance curves
	10  Functional device operation
	10.1  Initialization
	10.2  Operational modes
	10.2.1  Normal mode
	10.2.2  Standby mode
	10.2.3  Fault mode
	10.2.4  Protection functions
	10.2.5  Output overvoltage
	10.2.6  Output undervoltage
	10.2.7  Current limit
	10.2.8  Thermal shutdown
	10.2.9  Power supplies
	10.2.9.1  DC/DC1
	10.2.9.2  DC/DC2
	10.2.9.3  DC/DC3
	10.2.9.4  LDO


	10.3  Design and component guidelines
	10.3.1  Input/output configuration
	10.3.2  Input/output power
	10.3.3  Minimum/maximum duty limit
	10.3.4  LDO dropout and power dissipation
	10.3.5  Cascaded operation, sequencing, and leakage
	10.3.6  Shutdown sequence
	10.3.7  Layout guidelines
	10.3.8  Component selection
	10.3.8.1  Setting the output voltage
	10.3.8.2  Setting the Enable for Cascade sequencing
	10.3.8.3  Catch diode
	10.3.8.4  Inductor
	10.3.8.5  Output capacitor
	10.3.8.6  Input capacitor
	10.3.8.7  Bootstrap capacitor
	10.3.8.8  Compensation



	11  Application example
	12  Bill of material
	13  Package outline
	14  Revision history
	15  Legal information
	Tables
	Figures
	Contents



