NCV890203

Buck Switching Regulator -
Automotive, RESET

2.0 A, 2 MHz

The NCV890203 is a fixed—frequency, monolithic, Buck switching
regulator intended for Automotive, battery—connected applications
that must operate with up to a 36 V input supply. The regulator is
suitable for systems with low noise and small form factor
requirements often encountered in automotive driver information
systems. The NCV890203 is capable of converting the typical 4.5 V to
18 V automotive input voltage range to outputs as low as 3.3 V at
a constant switching frequency above the sensitive AM band,
eliminating the need for costly filters and EMI countermeasures.
A Reset pin signals when the output is in regulation, and a pin is
provided to adjust the delay before the RSTB signal goes high.
The NCV890203 also provides several protection features expected in
Automotive power supply systems such as current limit, short circuit
protection, and thermal shutdown. In addition, the high switching
frequency produces low output voltage ripple even when using small
inductor values and an all-ceramic output filter capacitor — forming
a space—efficient switching regulator solution.

Features

Internal N-Channel Power Switch

Low Vin Operation Down to 4.5 V

High VN Operation to 36 V

Withstands Load Dump to 40 V

2 MHz Free—running Switching Frequency

Logic level Enable Input Can be Directly Tied to

Battery

® Reset with Adjustable Delay

® 2.2 A (min) Cycle-by—Cycle Peak Current Limit

® Short Circuit Protection enhanced by Frequency
Foldback

® +1.75% Output Voltage Tolerance

® Qutput Voltage Adjustable Down to 0.8 V
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ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 17 of this data sheet.

1.4 Millisecond Internal Soft—Start
Thermal Shutdown (TSD)

Low Shutdown Current

Wettable Flanks DFN (pin edge plating)

NCV Prefix for Automotive and Other Applications

Requiring Unique Site and Control Change
Requirements; AEC-Q100 Qualified and PPAP Capable

® These Devices are Pb—Free and are RoHS Compliant
Applications

® Audio

® Infotainment

® Safety — Vision Systems

® Instrumentation

Publication Order Number:
NCV890203/D
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Figure 1. Typical Application
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Figure 2. NCV890203 Block Diagram
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MAXIMUM RATINGS

NCV890203

Rating Symbol Value Unit
Min/Max Voltage VIN, BST -0.3t0 40 \%
Max Voltage VIN to SW 40 \%
Min/Max Voltage SW -0.7 to 40 \Y
Min Voltage SW - 20ns -3.0 \Y
Min/Max Voltage BST to SW -0.3t03.6 \Y
Min/Max Voltage on EN -0.3t0 40 \Y
Min/Max Voltage COMP -0.3t02 \Y
Min/Max Voltage FB -0.3t0 18 \Y
Min/Max Voltage DRV, DELAY -0.3t03.6 \Y
Min/Max Voltage RSTB -0.3t06 \%
Thermal Resistance, 3x3 DFN Junction-to—-Ambient* Roga 50 °C/W
Storage Temperature Range -55to +150 °C
Operating Junction Temperature Range Ty -40 to +150 °C
ESD withstand Voltage VEsD kV

Human Body Model 2.0

Moisture Sensitivity MSL Level 1
Peak Reflow Soldering Temperature 260 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality

should not be assumed, damage may occur and reliability may be affected.
*Mounted on 1 sq. in. of a 4-layer PCB with 1 oz. copper thickness.
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NCV890203
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Figure 3. Pin Connections

PIN FUNCTION DESCRIPTIONS

Pin No. Symbol Description

1 VIN Input voltage from battery. Place an input filter capacitor in close proximity to this pin.

2 DRV Output voltage to provide a regulated voltage to the Power Switch gate driver.

3 RSTB RSTB open drain output. Goes high impedence when the output is above 94% of its regulation level,
after the delay set by the DELAY pin times out. Goes low when the output is below 92 % of its
regulation level (sensed on the FB signal)

4 GND Battery return, and output voltage ground reference.

5 EN This TTL compatible Enable input allows the direct connection of Battery as the enable signal.
Grounding this input stops switching and reduces quiescent current draw to a minimum.

6 COMP Error Amplifier output, for tailoring transient response with external compensation components.

7 FB Feedback input pin to program output voltage, and detect pre-charged or shorted output conditions.

8 DELAY Delay adjust input. Connecting an external capacitor adjusts the delay for the RSTB function.

9 BST Bootstrap input provides drive voltage higher than VIN to the N-channel Power Switch for optimum
switch Rpg(on) and highest efficiency.

10 Sw Switching node of the Regulator. Connect the output inductor and cathode of the freewheeling diode
to this pin.

Exposed Connect to Pin 4 (electrical ground) and to a low thermal resistance path to the ambient temperature
Pad environment.
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NCV890203

ELECTRICAL CHARACTERISTICS
(Vin=45Vto28V,Vgn=5V, VgsT = Vsw + 3.0V, Cpry = 0.1 uF, Min/Max values are valid for the temperature range
-40°C < T, < 150°C unless noted otherwise, and are guaranteed by test, design or statistical correlation.)

Parameter Symbol Conditions | Min | Typ | Max | Unit |

QUIESCENT CURRENT

Quiescent Current, shutdown lgsb ViIN=13.2V,Vgny =0V, Ty =25°C 5 uA
Quiescent Current, enabled lqEN ViN=132V 3 mA
UNDERVOLTAGE LOCKOUT - VIN (UVLO)

UVLO Start Threshold VuvLsTT V)N rising 41 4.5 \%
UVLO Stop Threshold VyvLsTP V) falling 3.2 3.6 \%
UVLO Hysteresis VuvLOHY 0.5 1.3 Vv
ENABLE (EN)

Logic Low (Voltage input needed to guarantee VENLO 0.8 \
logic low)

Logic High (Voltage input needed to VENHI 2 \%
guarantee logic high)

Input Current lEN 8 30 uA
SOFT-START (SS)
| Soft-Start Completion Time | tss | | 0.8 | 1.4 | 2.0 | ms |

VOLTAGE REFERENCE

| FB Pin Voltage during regulation | VEBR | COMP shorted to FB | 0.786 | 0.8 | 0.814 | \Y, |
ERROR AMPLIFIER
FB Bias Current IFBBIAS Veg=0.8V 0.25 1 uA
Transconductance Vcomp = 1.3V mmho
Im 45V<V|N<18V 0.6 1 1.5
gm(HV) 20V < VIN <28V 0.3 0.5 0.75
Output Resistance Rout 1.4 MQ
COMP Source Current Limit IsouRce Vg =0.63V, Vcomp = 1.3V uA
45V<V|N<18V 75
20V<V|n<28V 40
COMP Sink Current Limit ISlNK Veg =0.97 YV, VCOMP =13V uA
4.5V<V|N<18V 75
2OV<V|N<28V 40
Minimum COMP voltage VcoMPMIN Vg =0.97 V 0.05 0.55 \%
OSCILLATOR
Frequency Fsw 45<V|N<18V 1.8 2.0 2.2 MHz
FswHv) 20V<V|N<28V 0.9 1.0 1.1
VIN FREQUENCY FOLDBACK MONITOR
Frequency Foldback Threshold V|nrising | VELDUP Veg =0.63V 18.4 20 \%
VIN falling VELDDN 18 19.8
Frequency Foldback Hysteresis VELDHY 0.2 0.3 0.4 \%
SLOPE COMPENSATION
Ramp Slope (Note 1) Sramp 45<V|y<18V 1.70 3.20 Alus
(With respect to switch current) Sramp(HV) 20V<V|n<28V 0.80 1.60

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
1. Not tested in production. Limits are guaranteed by design.
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ELECTRICAL CHARACTERISTICS (continued)

(ViIN=4.5Vto28V,Vgy =5V, VgsT = Vgw + 3.0V, Cpry = 0.1 uF, Min/Max values are valid for the temperature range

NCV890203

-40°C < T, < 150°C unless noted otherwise, and are guaranteed by test, design or statistical correlation.)

Parameter Symbol Conditions | Min | Typ | Max Unit |
RESET
Threshold (in percentage of targeted regula- KReEsD Vout going down 90 92 94 %
tion Vour). Kresu VouT going up 92 94.5 97
Filtering delay (high-to-low transitions) tRESD VouT going down 1.5 2.0 3.0 us
Sink current IRES VReseT = 0.4V 1 mA
DELAY
Upper charging level VDELU Ve > KResu X VEBR 1.6 1.9 2.15 \%
Lower detection threshold VDELTH VpgLay decreasing 0.7 0.9 1.1 \
Discharging current IDELAY VpgLay = 1.5V 4.1 4.4 6.0 A
Reset delay (low-to-high transition) tRESU Vourt going up, Cpgray = 100 pF 22 29 35 us
POWER SWITCH
ON Resistance Rpson Vst =Vsw + 3.0V 650 mQ
Leakage current VIN to SW I ksw VEnN=0V,Vgw=0,V|y=18V 10 uA
Minimum ON Time toNMIN Measured at SW pin 45 70 ns
Minimum OFF Time tOFFMIN Measured at SW pin ns

At Fgyw = 2 MHz (normal) 30
At Fgyw = 500 kHz (max duty cycle) 30 50 70

PEAK CURRENT LIMIT
Current Limit Threshold ILm | 31 | 325 3.7 A
SHORT CIRCUIT FREQUENCY FOLDBACK
Lowest Foldback Frequency Fswar VEg=0V,45V<V)<18V 400 500 600 kHz
Lowest Foldback Frequency - High Vi, FswaAFHV VEg=0V,20V<V|y<28V 200 250 300
Hiccup Mode FswHic Vsw=0V 24 32 40
GATE VOLTAGE SUPPLY (DRV pin)
Output Voltage VpRv 3.1 3.3 3.5 \Y
DRV POR Start Threshold VDRVSTT 2.7 2.9 3.05 \Y
DRV POR Stop Threshold VDRvSTP 2.5 2.8 3.0 \'%
DRV Current Limit IDRVLIM Vpry =0V 16 45 mA
OUTPUT PRECHARGE DETECTOR
Threshold Voltage VsseN | 20 | 35 50 mv |
THERMAL SHUTDOWN
Activation Temperature (Note 1) Tsp 150 190 °C
Hysteresis (Note 1) THys 5 20 °C

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

1. Not tested in production. Limits are guaranteed by design.
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VyvLsTT. UVLO START THRESHOLD (V) lqsp- SHUTDOWN QUIESCENT CURRENT

tss. SOFT-START DURATION (ms)

NCV890203

TYPICAL CHARACTERISTICS CURVES
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NCV890203

TYPICAL CHARACTERISTICS CURVES
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ILim, PEAK CURRENT LIMIT (A) tonmin- MINIMUM TIME (ns)

Fswhc. HICCUP MODE FREUQNCY

(kHz)

NCV890203

TYPICAL CHARACTERISTICS CURVES
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TYPICAL CHARACTERISTICS CURVES

NCV890203
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NCV890203

GENERAL INFORMATION

INPUT VOLTAGE

An Undervoltage Lockout (UVLO) circuit monitors the
input, and inhibits switching and resets the Soft—start circuit
if there is insufficient voltage for proper regulation.
The NCV890203 can regulate a 3.3 V output with input
voltages above 4.5 V and a 5.0 V output with an input above
6.5 V.

The NCV890203 withstands input voltages up to 40 V.

To limit the power lost in generating the drive voltage for
the Power Switch, the switching frequency is reduced by
afactor of 2 when the input voltage exceeds the Vin
Frequency Foldback threshold Vgppyp (see Figure 25).
Frequency reduction is automatically terminated when the
input voltage drops back below the Viy Frequency Foldback
threshold VgL ppN-

Fsw
(MHz)

A

2

Figure 25. NCV890203 Switching Frequency
Reduction at High Input Voltage

ENABLE

The NCV890203 is designed to accept either a logic level
signal or battery voltage as an Enable signal. EN low induces
a ’sleep mode’ which shuts off the regulator and minimizes
its supply current to a couple of uA typically (Igsp) by
disabling all functions. Upon enabling, voltage is
established at the DRV pin, followed by a soft—start of the
switching regulator output.

SOFT-START

Upon being enabled or released from a fault condition,
and after the DRV voltage is established, a soft—start circuit
ramps the switching regulator error amplifier reference
voltage to the final value. During soft-start, the average
switching frequency is lower than its normal mode value
(typically 2 MHz) until the output voltage approaches
regulation.

SLOPE COMPENSATION

A fixed slope compensation signal is generated internally
and added to the sensed current to avoid increased output
voltage ripple due to bifurcation of inductor ripple current
at duty cycles above 50%. The fixed amplitude of the slope
compensation signal requires the inductor to be greater than
a minimum value, depending on output voltage, in order to
avoid sub—harmonic oscillations. For 3.3 V and 5 V output
voltages, the recommended inductor value is 4.7 uH.

SHORT CIRCUIT FREQUENCY FOLDBACK

During severe output overloads or short circuits,
the NCV890203 automatically reduces its switching
frequency. This creates duty cycles small enough to limit the
peak current in the power components, while maintaining
the ability to automatically reestablish the output voltage if
the overload is removed. If the current is still too high after
the switching frequency folds back to 500 kHz, the regulator
enters an auto-recovery burst mode that further reduces the
dissipated power.

CURRENT LIMITING

Due to the ripple on the inductor current, the average
output current of a buck converter is lower than the peak
current setpoint of the regulator. Figure 26 shows — for
a 4.7 uH inductor — how the variation of inductor peak
current with input voltage affects the maximum DC current
the NCV890203 can deliver to a load.

2.3
<22 -
e /
S5 o (8.3 Vour)
: . / /
= / /(5 Vour) T
Z20 4
o
o / ~—
219
O —
3
= 1.8
Zz
=17

1.6

0 5 10 15 20 25 30 35 40

INPUT VOLTAGE (V)

Figure 26. NCV890203 Load Current Capability
with 4.7 pH Inductor

OUTPUT VOLTAGE SELECTION

The voltage output for the switcher is adjustable and can
be set with a resistor divider. The FB reference for the
switcher is 0.8 V.
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NCV890203

>

; RupPeR

FB=0.8V

>

é RLower

Use the following equation:

Vour—Ves

R
LOWER
Ves

Rupper =

Some common setups are listed below:

Desired Rupper RLower
Output (V) VREF (V) (Q, 1%) (2, 1%)
1.2 0.8 100 200
1.5 0.8 100 115
1.8 0.8 100 80.6
25 0.8 100 47.5
3.3 0.8 100 32.4
5.0 0.8 100 19.1

RESET WITH ADJUSTABLE DELAY

The RSTB pin is pulled low as long as the voltage on the
FB pin is lower than 92% (typical) of the reference voltage
(which corresponds to the output voltage being lower than
92% of its regulation level). It is high impedence when the
voltage goes above 94% (typical) of the regulation level,
after a delay adjusted by the capacitor on the DELAY pin.

The capacitor is held at ground until the output enters
regulation: Cpgr Ay is then quickly charged to the internal
rail voltage (Vrgsu), then discharged by the Igejay current
until its voltage reaches the lower threshold Vpgrrg. Only
at this moment the RSTB pin voltage goes high, indicating
the end of the Reset condition.

A small filtering delay (of duration tpg) ensures that the
RSTB signal doesn’t toggle from high to low in case of high
frequency noise when the output is in regulation.

A pull-up resistor is needed on the RSTB pin, as it features
an open collector output, capable of sinking 1 mA minimum
at 400 mV.

The RSTB pin is also pulled low in case of UVLO (VN
below the UVLO threshold), TSD (temperature shutdown)
or Disable (Vg below the enable threshold) events.

VOuT
A
time=
DELAY
A
o \
VpeLTH
time:
RSTB < >
tresu
time=
Figure 27. Typical Operation of the Reset
with Delay Function
BOOTSTRAP

At the DRV pin an internal regulator provides
a ground-referenced voltage to an external capacitor
(Cprv), to allow fast recharge of the external bootstrap
capacitor (Cgst) used to supply power to the power switch
gate driver. If the voltage at the DRV pin goes below the
DRV UVLO Threshold Vprystp, switching is inhibited and
the Soft—start circuit is reset, until the DRV pin voltage goes
back up above VprysTT.

In order for the bootstrap capacitor to stay charged, the
Switch node needs to be pulled down to ground regularly. In
very light load condition, the NCV890203 skips switching
cycles to ensure the output voltage stays regulated. When the
skip cycle repetition frequency gets too low, the bootstrap
voltage collapses and the regulator stops switching.
Practically, this means that the NCV890203 needs
a minimum load to operate correctly. Figure 28 shows the
minimum current requirements for different input and
output voltages.
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NCV890203
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Figure 28. Minimum Load Current with Different Input and Output Voltages
OUTPUT PRECHARGE DETECTION A
Prior to Soft-start, the FB pin is monitored to ensure the EN
SW voltage is low enough to have charged the external
bootstrap capacitor (Cgsr). If the FB pin is higher than
VssEN, restart is delayed until the output has discharged.
Figure 29 shows the IC starts to switch after the voltage on Time
FB pin reaches VSSEN, even the EN pin is high. After the A
IC is switching, the FB pin follows the soft starts reference FB 1
to reach the final set point. VsseN
THERMAL SHUTDOWN >
A thermal shutdown circuit inhibits switching, resets the Time
Soft—start circuit, and removes DRV voltage if internal A
temperature exceeds a safe level. Switching is automatically SwW
restored when temperature returns to a safe level.
o Time

Figure 29. Output Voltage Detection
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NCV890203

MINIMUM DROPOUT VOLTAGE

When operating at low input voltages, two parameters
play a major role in imposing a minimum voltage drop
across the regulator: the minimum off time (that sets the
maximum duty cycle), and the on state resistance.

When operating in continuous conduction mode (CCM),
the output voltage is equal to the input voltage multiplied by
the duty ratio. Because the NCV890203 needs a sufficient
bootstrap voltage to operate, its duty cycle cannot be 100%:
it needs a minimum off time (toppmin) to periodically re—fuel
the bootstrap capacitor CgsT. This imposes a maximum duty
ratio

Dumax = 1~ torFmin ° FSW(min)’
with the switching frequency being folded back down to
Fsw(min) = 500 kHz to keep regulating at the lowest input
voltage possible.
The drop due to the on-state resistance is simply the
voltage drop across the Switch resistance Rpgon at the
given output current:

VSWdrop = lout " Rpson

Which leads to the maximum output voltage in low Vin
condition:

Vour = Duax - VIN(min) - VSWdrop

EXPOSED PAD

The exposed pad (EPAD) on the back of the package must
be electrically connected to the electrical ground (GND pin)
for proper, noise—free operation.

DESIGN METHODOLOGY

The NCV890203 being a fixed—frequency regulator with
the switching element integrated, is optimized for one value
of inductor. This value is set to 4.7 uH, and the slope
compensation is adjusted for this inductor. The only
components left to be designed are the input and output
capacitor and the freewheeling diode. Please refer to the
design spreadsheet www.onsemi.com NCV890203 page
that helps with the calculation.

Output capacitor:

The minimum output capacitor value can be calculated
based on the specification for output voltage ripple:

Al

C o — (eq. 1)
OUT min
' 8 AVoyr - Few
With
— Al the inductor ripple current:
Vout
Vour " (1 Y
IN (eq. 2)
Al =
L- FSW

- AVouyr the desired voltage ripple.

However, the ESR of the output capacitor also contributes
to the output voltage ripple, so to comply with the
requirement, the ESR cannot exceed REsrmax:

AVoyr - L Fow

V
v [1- OUT)
OUT( VIN

Finally, the output capacitor must be able to sustain the ac
current (or RMS ripple current):

Al

23

Typically, with the recommended 4.7 pH inductor, two
ceramic capacitors of 10 uF each in parallel give very good
results.

RESR max (eq. 3)

IOUTac = (eq. 4)

Freewheeling diode:

The diode must be chosen according to its maximum
current and voltage ratings, and to thermal considerations.

As far as max ratings are concerned, the maximum reverse
voltage the diode sees is the maximum input voltage (with
some margin in case of ringing on the Switch node), and the
maximum forward current the peak current limit of the
NCV890203, I pv.

The power dissipated in the diode is Ppjgss:

VOUT

Pbioss = lout - (1 - ) Vg + Ipgus * Rp  (€a.9)

IN
with:

- Iour the average (dc) output current
— Vg the forward voltage of the diode
— Iprms the RMS current in the diode:

Al 2
lbrms = /(1 = D) lgur 2+ —5 | a®

- Rp the dynamic resistance of the diode (extracted from
the V/I curve of the diode in its datasheet).
Then, knowing the thermal resistance of the package and
the amount of heatsinking on the PCB, the temperature rise
corresponding to this power dissipation can be estimated.

Input capacitor:
The input capacitor must sustain the RMS input ripple
current IyNgac:

Al D

INac = 7571/ 3

It can be designed in combination with an inductor to build
an input filter to filter out the ripple current in the source, in
order to reduce EMI conducted emissions.

For example, using a 4.7 uH input capacitor, it is easy to
calculate that an inductor of 200 nH will ensure that the
input filter has a cut—off frequency below 200 kHz (low
enough to attenuate the 2 MHz ripple).

(eq.7)

www.onsemi.com

14



NCV890203

Error Amplifier and Loop Transfer Function

The error amplifier is a transconductance type amplifier.
The output voltage of the error amplifier controls the peak
inductor current at which the power switch shuts off. The
Current Mode control method employed allows the use of a

simple, type II compensation to optimize the dynamic
response according to system requirements.

Figure 30 shows the error amplifier with the
compensation components and the voltage feedback divider.

VOUT
RFB1
VCOMP
VrB _
v RCOMP
+ ——cp § RO
§ RFB2 o *V |
Vref —__— CCOMP

L

Figure 30. Feedback Compensator Network Model

The transfer function from VOUT to VCOMP is the
product of the feedback voltage divider and the error
amplifier.

- 1
wPl = RS GCOMP (eq. 11)

1
RCOMP - Cp

The output resistor Ro of the error amplifier is 1.4 M2 and
gm is 1 mA/V. The capacitor Cp is for rejecting noise at high
frequency and is integrated inside the IC with a value of
18 pF.

The power stage transfer function (from Vcomp to output)
is shown below:

wph = (eq. 12)

S
1 1tz

Ri Rload - Tsw . 1 _ s
1+ 80 ISW e - (1 - D) - 0.5] (1+m_p)

. ___ RFB2
Gdivider(s) = BFB1 + RFB2 (eq. 8)
1+
Gerr ynne = 9M - Ro - wz (eq. 9)
14+ S )1+ =
wpl wph
_ 1
“Z = RCOMP - CCOMP (q.10)
Gps(s) = Rload |
where
Mc = 1 + 5€ (eq. 16)
Sn '

Ri represents the equivalent sensing resistor which has a
value of 0.21 €, Se is the compensation slope which is
500 kV/S, Sn is the slope of the sensing resistor current
during on time. Fh(s) represents the sampling effect from the
current loop which has two poles at one half of the switching
frequency:

_ 1
Fh(s) = s, s (eq. 18)
on-Qp = wn?
own =7 - Fsw
Qp 1 (eq. 19)

“x-Mc-(1-D)-05]

- Fh(s)(eq. 13)

_ 1
“Z = Resr - Cout (eq. 14)
1 ,Mc-(1-D)-05
Rload - Cout L - Cout - Fsw
The total loop transfer function is the product of power

stage and feedback compensation network.

Gloop(s) = Gdivider(s) - Gerr ) Gps(s) (eq. 20)

op = (eq. 15)

amp(s

The bode plots of the open loop transfer function will
show the gain and phase margin of the system. The
compensation network is designed to make sure the system
has enough phase margin and bandwidth.

Design of the Compensation Network

The function of the compensation network is to provide
enough phase margin at crossover frequency to stabilize the
system as well as to provide high gain at low frequency to
eliminate the steady state error of the output voltage. Please
refer to the design spreadsheet www.onsemi.com
NCV890203 page that helps with the calculation.

The design steps will be introduced through an example.

Example:
Vin =15.5V, Vout =3.3 V,Rload = 1.65 Q, Tout=2 A, L =
4.7 uH, Cout = 20 uF (Resr = 7 m )

www.onsemi.com
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The reference voltage of the feedback signal is 0.8 V and
to meet the minimum load requirements, select RFB1 =
100 €2, RFB2 = 31.6 Q.

From the specification, the power stage transfer function can
be plotted as below:

90y

180

45

90

180

=)
g 20 xlog | |Gps| f(m)| | € e S

— 45

- 90

Fz = 7000 Hz, Fp = 400000 Hz,

- =~ 0 are (Ops(En)) x
bk DY - T~ o
BhiL BN == = - 90
- 180
100 110° 110" 1-10° 1-10°
fm
(Hz)
Figure 31. Power Stage Bode Plots
The crossover frequency is chosen to be Fc = 70 kHz, the (eq. 21)
power stage gain at this frequency is -5.3 dB (0.54) from >
calculation. Then the gain of the feedback compensation 14 (@)
network must be 5.3 dB. Next is to decide the locations of Fp - gm Vout Fp
one zero and one pole of the compensator. The zero is to RCOMP = (Fp — Fz) - |Gps(Fc)| ~ Vref >
provide phase boost at the crossover frequency and the pole 1+ (Q)
is to reject the noise of high frequency. In this example, a Fe
zero is placed at 1/10 of the crossover frequency and a pole 1
is placed at 1/5 of the switching frequency (Fsw = 2 MHz): CCOMP = o1 - Fz - RCOMP (eq. 22)
Cp 1 (eq. 23)

RCOMP, CCOMP and Cp can be calculated from the
following equations:

~ 2% - Fp - RCOMP

Note: there is an 18 pF capacitor at the output of the OTA
integrated in the IC, and if a larger capacitor needs to be
used, subtract this value from the calculated Cp. Figure 32
shows Cp is split into two capacitors. Cint is the 18 pF in the
IC. Cext is the extra capacitor added outside the IC.

From the calculation:

RCOMP = 7.7 K, CCOMP = 3 nF, Cp = 41 pF

So the feedback compensation network is as below:

VOUT
100 RFB1 VCOMP
Ve | _
v 18 pF RCOMP 23 pF
S AFE2 + = 2 ro 77k P
31.6 Q gV | o “TCext
Cint
Vref CCOMP
08V 3nF
L

Figure 32. Example of the Feedback Compensation Network

www.onsemi.com
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Figure 33 shows the bode plot of the OTA compensator

90

180

45

90

~
i!% 20 x log | |Gerr_amp | £ || | 0]

o are (Gerr_amp (1)) x %

—45

- 90

-90

100 10

1
fm

(Hz

10

80
4 10° 6

)

Figure 33. Bode Plot of the OTA Compensator

The total loop bode plot is as below:

90|

180

45|

1T
]

90

180

—_
% 20 x log UGloopo(m) U 0)

0 arg (Gloop(fm)) X =

— 45,

- 90

-90

100 1.10°

1

- 180

10 110° 1-10°

f

m

(Hz)
Figure 34. Bode Plot of the Total Loop

The crossover frequency is at 70 KHz and phase margin is 75 degrees.

PCB LAYOUT RECOMMENDATION

As with any switching power supplies, there are some
guidelines to follow to optimize the layout of the printed
circuit board for the NCV890203. However, because of the
high switching frequency extra care has to be taken.
— Minimize the area of the power current loops:

+ Input capacitor — NCV890203 switch — Inductor
— output capacitor — return through Ground

ORDERING INFORMATION

+ Freewheeling diode — inductor — Output capacitor
— return through ground
— Minimize the length of high impedance signals, and
route them far away from the power loops:
+ Feedback trace
+ Comp trace

Device Package Shipping’
NCV890203MWTXG DFN10 with wettable flanks 3000 / Tape & Reel
(Pb-Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging

Specifications Brochure, BRD8011/D.
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