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A6984

36 V, 400 mA automotive synchronous step-down

switching regulator

A

VFDFPN104 x4 x 1.0 mm

Features

¢ AEC-Q100 qualified
e 400 mA DC output current
e 4.5V to 36 V operating input voltage

&F

e Synchronous rectification

e Low consumption mode or low noise mode
e 75 pAlqatlightload (LCM Vot =3.3V)
e 13 pAlgsHTDWN

e Adjustable fgy (250 kHz - 600 kHz)

e Output voltage adjustable from 0.9 V

¢ No resistor divider required for 3.3 V Vgoyr
e Vpas maximizes efficiency at light load

e 350 mA valley current limit

e Constant on-time control scheme

e PGOOD open collector

e Thermal shutdown

Datasheet - production data

Applications

e Car body and ADAS applications (LCM)
e Car audio and low noise applications (LNM)

Description

The A6984 is a step-down monolithic switching
regulator able to deliver up to 400 mA DC. The
output voltage adjustability ranges from 0.9 V. The
fixed 3.3 V VOUT requires no external resistor
divider. The “low consumption mode” (LCM) is
designed for applications active during car
parking, so it maximizes the efficiency at light load
with controlled output voltage ripple. The “low
noise mode” (LNM) makes the switching
frequency almost constant over the load current
range, serving low noise application
specifications such as car audio/sensors. The
PGOOD open collector output can implement
output voltage sequencing during the power-up
phase. The synchronous rectification, designed
for high efficiency at medium-heavy load, and the
high switching frequency capability make the size
of the application compact. Pulse-by-pulse
current sensing on the low-side power element
implements effective constant current protection.
The package lead finishing guarantees side
solderability, thus allowing visual inspection
during manufacturing.

Figure 1. Application schematic
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Pin settings A6984

1 Pin settings
1.1 Pin connection
Figure 2. Pin connection (top view)
PGOOD . 1 LM
N I | vems
ToN [ T vee
e [ i
oo [T3 P00 T
AMO03283
1.2 Pin description

Table 1. Pin description

N° Pin Description

y PGOOD The open collector output is driven low when the FB voltage is below the Vpgp | threshold
(see Table 5).

2 FB Inverting input of the error amplifier

3 TON A resistor connected between this pin and V |\ sets the switching frequency.

4 EN Enable pin. A logical active high signal enables the device. Connect this pin to V) if not used.

5 GND Power GND

6 LX Switching node

7 VIN DC input voltage

Embedded regulator output that supplies the main switching controller.
Connect an external 1 uF capacitor for proper operation.
8 VCC  |Anintegrated LDO regulates VCC = 3.3 V if VBIAS voltage is < 2.4 V.

VCC is connected to VBIAS through a MOSFET switch if VBIAS > 3.2 V and the embedded
LDO is disabled to increase the light load efficiency.

Typically connected to the regulated output voltage. An external voltage reference can be

9 VBIAS |used to supply the analog circuitry to increase the efficiency at light load. Connect to GND if
not used.
10 LNM Connect to V¢ for low noise mode (LNM) / to GND for low consumption mode (LCM)
operation.
4/49 DoclD030396 Rev 4 Kys




A6984

Pin settings

1.3

1.4

3

Maximum ratings

Stressing the device above the rating listed in Table 2: Absolute maximum ratings may
cause permanent damage to the device.

These are stress ratings only and operation of the device at these or any other conditions
above those indicated in Table 5 of this specification is not implied.

Exposure to absolute maximum rating conditions may affect device reliability.

Table 2. Absolute maximum ratings

Symbol Description Min. Max. Unit
dV/dt (M Input slew rate - 0.1 Vius
VN - 38
device ON Viy+0.3
LX
device OFF 25
EN
ViN+ 0.3
TON
y -0.3 \
cC
6
VBlAS see Table 1
PGOOD
FB Vee+ 0.3
LNM
T, Operating temperature range -40 150
Tstg Storage temperature range - -55 to 150 °C
TLEAD Lead temperature (soldering 10 sec.) - 260
lys, ILs | High-side / low-side RMS switch current - 400 mA
1. Maximum slew rate should be limited as detailed in Section 5.1.
Thermal data
Table 3. Thermal data
Symbol Parameter Value Unit
R Thermal resistance junction ambient 50 SCIW
thJA | (device soldered on STMicroelectronics evaluation board)

DocID030396 Rev 4 5/49




Pin settings

A6984

1.5
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ESD protection

Table 4. ESD protection

Symbol Test condition Value Unit
HBM 2 kV
MM 200
ESD
CDM non-corner pins 500 \%
CDM corner pins 750
DoclD030396 Rev 4 ‘Yl




A6984 Electrical characteristics
2 Electrical characteristics
Ty=-4010 125 °C, V|y = Vg = 12V, Vgjag = 3.3 V unless otherwise specified.
Table 5. Electrical characteristics
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
VN Operating input voltage range -| 45 36
Rising edge V¢ regulator Y 38 45
VB|AS = GND
VIN UVLO UVLO thresholds
- Falling edge V¢ regulator
-1 29 3.6 4.3 v
VB|AS = GND
Fixed output voltage valley _
Vour regulation FB = V¢, no load -1323 | 33 | 3.37
Veg Adjustable oultput voltage No load -loss | 09 | 092
valley regulation
RDSON HS ngh-S|de RDSON ISW =01A - 0.6 1.3 2.2
Q
RDSON LS Low-side RDSON ISW =0.1A - 0.4 1.0 1.9
Torr Minimum Low-side conduction Vin = Ven =45V -1 100 | 200 | 400 | ns

time

Current limit and zero crossing comparator

vy

Valley current limit

350 | 400 | 470
mA

Izco

Zero crossing current threshold

VCC regulator

Vee

VCC voltage

VFB =1 V, VB|AS =GND

VBias

Vg as falling threshold

-| 24 2.6 2.8 \Y

Vp|as rising threshold

-| 26 2.9 3.2

Power consumption

IsHTDWN

Shutdown current from V|y

EN = GND

‘22‘uA

3
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Electrical characteristics

A6984

Table 5. Electrical characteristics (continued)

Symbol

Parameter

Test condition

Min. | Typ. | Max.

Unit

la oPVIN

Quiescent current from V

LCM - SWO
VRer < Vg < Vovp (SLEEP)
Veias =3.3V

1" 26 41

LCM - NO SWO
VRer < Vg < Vovp (SLEEP)
VBIAS =GND

@1 90 160 | 230

LNM - SWO

VRer < Vrg < Vove
Veias=3.3V

LNM - NO SWO

VRer < Ve < Vovp
VB|AS =GND

-| 200 | 320 | 440

lq oPvBIAS

Quiescent current from Vgjag

LCM - SWO
VRer < Vg < Vovp (SLEEP)
Veiag =33V

@1 80 150 | 200

LNM - SWO

VRrer < Vre < Vovp
Veias =3.3V

180 | 300 | 390

A

Enable

EN

EN thresholds

Device inhibited

Device enabled

EN hysteresis

@ - |e50 -

mV

Overvoltage protection

Vovp

Overvoltage trip (Vovp/VRer)

Rising edge

“18‘23‘28‘

%

PGOOD

Vpep L

Power good LOW threshold

Vg rising edge
(PGOOD high impedance)

Vg falling edge
(PGOOD low impedance)

VpeD H

Power good HIGH threshold

Internal FB rising edge
(PGOOD low impedance)

Veg =Vcce

-| 118 | 123 | 128

Internal FB falling edge
(PGOOD high impedance)

Ves=Vcce

G - 100 -

%

Vpcoop

PGOOD open collector output

VIN> VIN_uvLo H»
VFB=GND
4 mA sinking load

29<V|N<VIN_uvLo H
100 pA sinking load

8/49
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Electrical characteristics

A6984
Table 5. Electrical characteristics (continued)
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
Thermal shutdown
Tsupwn | Thermal shutdown temperature | - @ - 150 - °C
Thvs Thermal shutdown hysteresis |- G - 20 - °C

1.

3. Not tested in production.

3

2. LCM enables SLEEP mode (part of the internal circuitry is disabled) at light load.

DocID030396 Rev 4

Parameter tested in static condition during testing phase. Parameter value may change over dynamic application condition.
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Datasheet parameters over the temperature range A6984

3

10/49

Datasheet parameters over the temperature range

100% of the population in the production flow is tested at three different ambient
temperatures (-40 °C; 25 °C, 125 °C) to guarantee datasheet parameters within the junction
temperature range (-40 °C to 125 °C).

Device operation is guaranteed when the junction temperature is within the -40 °C to 150 °C
temperature range. The designer can estimate the silicon temperature increase with respect
to the ambient temperature evaluating the internal power losses generated during the
device operation.

However, the embedded thermal protection disables the switching activity to protect the
device in case the junction temperature reaches the Tgytpwn (+150 °C min) temperature.

All the datasheet parameters can be guaranteed to a maximum junction temperature of
+125 °C to avoid triggering the thermal shutdown protection during the testing phase due to
self-heating.

)
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Device description

3

Device description

The A6984 device is based on a “Constant On-Time” (COT) control scheme with frequency
feed-forward correction over the V,\ range. As a consequence the device features fast load
transient response, almost constant switching frequency operation over the input voltage
range and simple stability control.

The switching frequency can be adjusted in the 250 kHz - 600 kHz range.

The LNM (low noise mode) implements constant PWM control to minimize the voltage ripple
over the load range, the LCM (low consumption mode) pulse skipping technique to increase
the efficiency at the light load.

No external resistor divider is required to regulate fixed 3.3 V output voltage, connecting FB
to the V¢ pin and Vgpg to the regulated output voltage (see Figure 1 on page 1). An
external voltage divider implements the output voltage adjustability.

The switchover capability of the internal regulator derives a portion of the quiescent current
from an external voltage source (Vg|ag pin is typically connected to the regulated output
voltage) to maximize the efficiency at the light load.

The device main internal blocks are shown in the block diagram in Figure 6 on page 15:

e The bandgap reference voltage

e  The on-time controller

e A “pulse width modulation” (PWM) comparator and the driving circuitry of the
embedded power elements

e  The SMPS controller block
e  The soft-start block to ramp the current limitation

e  The switchover capability of the internal regulator to supply a portion of the quiescent
current when the VBIAS pin is connected to an external output voltage

e  The current limitation circuit to implement the constant current protection, sensing
pulse-by-pulse low-side switch current.

e  Acircuit to implement the thermal protection function
e  LNM pin strapping sets the LNM/LCM mode

e The PG (“Power Good”) open collector output

e  The thermal protection circuitry

DocID030396 Rev 4 11/49




Device description A6984
Figure 3. A6984 block diagram
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A6984 Device description
4.1 Output voltage adjustment
No external resistor divider is required to regulate fixed 3.3 V output voltage, connecting FB
to the V¢ pin and Vgpg to the regulated output voltage (see Figure 1 on page 1). An
external voltage divider otherwise implements the output voltage adjustability.
Figure 4. Internal voltage divider for 3.3 V output voltage
U1 A6984
VIN ch . 7 1N PGOOD |- szo PGOOD
R2 R1 1Meg 3 VBIAS 9
100k +— W—"1TON L L1 68uH TP3_ \out
P4 4 R3 1M
EN L
° 2 2 =N VvVCC 8 VWA
o o 10
o u LNM s |2
e[ 8 EP GND 3
11 5 ——
17T il T
TP5
GND O ? SE ¢
AMO03728
The error amplifier reference voltage is 0.9 V typical.
The output voltage is adjusted accordingly with the following formula (see Figure 6):
Equation 1
Rs
Vour = 0.9-(1 +R_2)
411 Maximum output voltage

3

The constant on-time control scheme naturally requires a minimum cycle-by-cycle off time
to sense the feedback voltage and properly driving the switching activity.

The A6984 minimum off time, as reported in Table 2 on page 5, is 300 nsec typical and
400 nsec max.

The control loop generates the proper PWM signal to regulate the programmed output
voltage over the application conditions. Since the power losses are proportional to the
delivered output power, the duty cycle increases with the load current request.

The fixed minimum off time limits the maximum duty cycle, so the maximum output voltage,
depending on the selected switching frequency (see Section 4.2).

Figure 5 shows the worst case scenario for maximum output voltage limitation over the input
voltage range, that happens at the maximum current request and considering the upper
datasheet limit time for the minimum off time parameter.

DocID030396 Rev 4 13/49




Device description

A6984

41.2

14/49

Figure 5. Maximum output voltage vs. input voltage range at I, gop = 400 mA

VouT=5V

VOUT max

VOUT =33V

45 48 5.1 5.4 57 6 63 6.6 6.9 7.2 75
VIN range
fsw =250 kHz
fsw =300 kHz

— faw = 400 kHz
= fow = 500 kHz
few = 600 kHz

Leading network

The small signal contribution of a simple voltage divider is:

Equation 2

R2
o) R,

A small signal capacitor in parallel to the upper resistor (see C3 in Figure 6) of the voltage
divider implements a leading network (f¢r, < fyole) that can improve the dynamic regulation
for boundary application conditions (high fgyy / high duty cycle conversion) and improves the
SNR for the feedback comparator operation, entirely coupling the high frequency output
voltage ripple without the resistive divider attenuation.

)
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A6984 Device description

Figure 6. A6984 application circuit
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Laplace transformer of the leading network:

Equation 3
R, (1+s-Rj3-CRrj)
Co(®) = F7R; R, R
2778 (145 2222 Cy)
R, +R,
where:
Equation 4

S
Z 2.m-Ry Cgg
1
fp =
2.n. 028 o
R,*R; R3

f,<fp

The R2, R3 compose the voltage divider. Crs is calculated as (see Section 5.3.2: COUT
specification and loop stability on page 39 for Cot selection):
Equation 5

VOUT ) COUT

-3
Cry = 2810 -

DocID030396 Rev 4 15/49
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Device description A6984

4.2

16/49

Control loop

The A6984 device is based on a constant on-time control loop with frequency feed-forward
correction over the input voltage range. As a consequence the on-time generator
compensates the input voltage variations in order to adapt the duty cycle and so keeping the
switching frequency almost constant over the input voltage range.

The general constraint for converters based on the COT architecture is the selection of the
output capacitor with an ESR high enough to guarantee a proper output voltage ripple for
the noiseless operation of the internal PWM comparator. The A6984 innovative control loop
otherwise supports the output ceramic capacitors with the negligible ESR.

The device generates a Ty duration switching pulse as soon as the voltage ripple drops
below the valley voltage threshold.

The A6984 on-time is internally generated as shown in Figure 7.

Figure 7. Ton generator

RTON

VIN > TON I . >LZ|OGIC
IN
09V
—+

CEXT CPAR | CINT |
- Jout

GND

AMO039964

where Rtgy represents the external resistor connected between the V| and Toy pins, CinT
is the integrated capacitor, Cppr the pin parasitic capacitor of the board trace at the pin 3.

The overall contribution of the Cppr and Cyt for the A6984 device soldered on the
STMicroelectronics evaluation board is 7.5 pF typical but the precise value depends on the
parasitic capacitance connected at the pin 3 (TON) that may depend on the implemented
board layouts.

As a consequence, a further fine tune of the Rty value with the direct scope measurement
is required for precise fgy, adjustment accordingly with the designed board layout.

The ON time can be calculated as:

Equation 6

_ 09 Ryon-Cron _ 09 Rron (Cint * Cpar) _ 0:9- Ryoy - 7.50F
ON VIN VIN VIN

The natural feedforward of the generator in Figure 7 corrects the fixed Toy time with the
input voltage to achieve almost constant switching frequency over the input voltage range.

On the other hand, the PWM comparator (see Figure 3 on page 12) in the closed loop
operation modulates the T time, given the programmed Ty, to compensate conversion
losses (i.e. conduction, switching, inductor losses, etc.) that are proportional to the output
current.

)
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Device description

3

As a consequence the switching frequency slightly depends on the conversion losses:

Equation 7

DREAL(|OUT)

fswilour) = —=—

where Drgp, is the real duty cycle accounting conduction losses:

Equation 8

Vout * (Ron s TDCR) - lgyr

Vint (Ron s —Ron ns) - lout

Drear(lout) =

Ron_Hs @and Ron_ s represent the RDSON value of the embedded power elements (see
Table 5 on page 7) and DCR the equivalent series resistor of the selected inductor.

Finally from Equation 7 and Equation 8:

Equation 9

1 Vin - Dreacllour)
09 fsw-Cron

RTON

where fgyy is the desired switching frequency at a certain Iy load current level.

Figure 8 shows the estimated fgyy variation over the load range assuming the typical
RDSON of the power elements, DCR =420 mQ (see Section 6 on page 40 for details on the
selected inductor for the reference application board.) and Ron =1 M.
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Device description A6984
Figure 8. fgy variation over the load range
58x10° T T 571X107
5.6x105—
5.705407
54x10%
57107
52x10°F
5695407
5)(]05—
-7
48 X1050 0.1 (;.2 (;.3 0?4.69)(10
-y
ON AMO03730
A general requirement for applications compatible with humid environments, is to limit the
maximum resistor value to minimize the resistor variation determined by the leakage path.
An optional external capacitor Cton >> (CiyT + Cpar) connected as shown in Figure 9 helps
to limit the Ry value and also minimizes the fgy variation with the p.c.b. parasitic
components Cpar.
Figure 9. Ton generator with optional capacitor
RTON
VIN > A% * TON -+—e - LOGIC
l l 09V 1IN
AN
CPAR | CINT
| Jout
GND
AMO039963
Figure 10, Figure 11, Figure 12, and Figure 13 show the numeric example to program the
switching frequency accordingly with the Rton, Cton Pair selection.
18/49 DoclD030396 Rev 4 Kys
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A6984

Device description

The eDesignSuite online tool supports the A6984 and Ry, Cton dimensioning for proper
switching frequency selection, see
http://www.st.com/content/st_com/en/support/resources/edesign.html).

Figure 10. Example to select Rtgy; Cton for Vout=1.8 V

VIN=12V, VOUT=1,8V, IOUT=0.2A
700
650
600
550
X 500
= 450
g 400
350
300
250
200
60 80 100 120 140 160 180 200 220 240 260 280
RTON [kQ]
Figure 11. Example to select Rygn; Cton for Voutr=3.3V
VIN=12V, VOUT=3.3V, IOUT=0.2A
700
650
600
550
= 500
= 450
E 400
350
300
250
200 -~
60 30 100 120 140 160 180 200 220 240 260 280
RTON [kQ]

3
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4.3
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Figure 12. Example to select Rton, Cton for Vout=5V

VIN=12V, VOUT=5V, I0OUT=0.2A
700
650
600
— i — 120pF
= 500
o, 450 m—150pF
E 400 180pF
350
300
250
200
60 80 100 120 140 160 180 200 220
RTON [kQ]
Figure 13. Example to select Rtgy, Cton for Vour =12V
VIN=24V, VOUT=12V, IOUT=0.2A
700
650
600
550
F 500
= 450
E 400
350
300
250
200
&0 80 100 120 140 160 180 200 220 240 260 280
RTON [kQ]

Optional virtual ESR network

A standard COT loop requires a high ESR output capacitor to generate a proper PWM
signal.

The A6984 architecture naturally supports output ceramic capacitors with the negligible
ESR generating an internal voltage ramp proportional to the inductor current to emulate
a high ESR output capacitor for the proper PWM comparator operation.

The control scheme is designed to guarantee the minimum signal for the PWM comparator
cycle-by-cycle operation with controlled duty cycle jitter, that is a natural duty cycle dithering
that helps to reduce the switching noise emission for EMC.

If required, an optional external virtual ESR network (see Figure 14 can be designed to
generate a higher signal for the PWM comparator operation and remove the duty cycle
dithering. This network requires the external voltage divider to set the output voltage and
supports the LNM and LCM device operation.

DocID030396 Rev 4 KYI




A6984 Device description

Figure 14. Virtual ESR network

A6984
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The Cp capacitor decouples the feedback DC path through the Reo1 so the output voltage
is adjusted accordingly with Section 4.1 on page 13.

Basically the network RcoT1, CooT generates a voltage signal proportional to the inductor
current ripple and superimposed with the real partitioned output voltage that increases the
SNR at the input of the PWM comparator. As a consequence the PWM converter
commutation is clean, removing the duty cycle dithering.

For the purpose of the signal generated by the Rcot and Ccot the output capacitor
represents a virtual ground so the equivalent small signal circuit of the output of the virtual
ESR network is shown in Figure 15.

Figure 15. Virtual ESR equivalent circuit

VL(s) = iL(s) *(sL+DCR)
VLX << YTV AN
RCOT CCoT
M T I
CDC — R2
FB K<————eo—\\W\——+
R3
NN

3
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Device description A6984

The switching activity drives the inductor voltage so the small signal transfer function can be
calculated as:

Equation 10
1
1.1
H(s) = VFB(s) _ (s-L+DCR) ) 1 ' RZ R3
s g L o - 1 T, 1
coT 1 COT " 1 T sCpo 1.1
s Coot™— 7 SCho A, R, R,
"Cpe T T R, R
R, Ry
Equation 10 can be simplified as follows:
Equation 11
H(s) = vFB(s) _ (s-L+DCR)-s ~ Coc
iL(s) _1_+_1_
1+s-|Rgort L -Cpe|-[1+s- ! -Ceor Ra Rs
—1- + —1- _1_ + _1_ + 1
Ry Rs R, R3 Reor
The pole splitting is guaranteed by the condition:
Equation 12
Cpc>10-Ccor
RoxR4
Reor > 10'(R2TR3)
In case:
Equation 13
1 L
fzfﬂ'DCR«fSW
fpL = L «fsw
21 Reor+ 54— Coc
— 4+ —
Ry Rj
1
pr = « fsw
L C
2:.m T 1 T | “cot

Equation 10 can be simplified as:

22/49 DocID030396 Rev 4
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A6984 Device description

Equation 14

_ _ (VFB(s) _ L
ESRvrr = HE)s5 27 fsw) (iL(S) )s—>(2~n-fsw) Reot Ccor

which represents the virtual ESR of the network in Figure 14.

3
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Device description A6984

As a consequence, the injected triangular voltage ripple in the FB is:

Equation 15

Vin—Vour Vour 1
VFBreppLe (Vi) = ILrippLe - ESRvaT = Rcor-Ccor Vin  fsw

that does not depend on the Ry, R3, Cpc, L and DCR.

A virtual ESR network able to guarantee a peak-to-peak signal higher than 20 mV at the FB
pin removes any duty cycle dithering at the switching node.

Output voltage accuracy and optimized resistor divider

24/49

The constant on-time control scheme implements valley output voltage regulation: the
internal comparator monitors the FB voltage cycle-by-cycle and generates a fixed Ty pulse
if the sensed voltage drops below the internal voltage reference (Vgapg = 0.9 V typical).

The virtual ESR network generates a signal proportional to the inductor current that is AC
coupled to the FB pin through the Cp capacitor (refer to Section 4.3 for dimensioning rules)
and superimposed on the voltage divider contribution as shown in Figure 16.

)
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Figure 16. Virtual ESR signal generation in CCM operation
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In the CCM operation, the average value for the triangular signal in Equation 15 is:

Equation 16
- Vin—Vour Vour 1

1
2 Reor Ccor VN fsw

VFBav(ViN) =

so the output voltage is calculated as:

Equation 17

R3
Vour = (0.9+ VFBy,a(Viy) -(1+ R_z)

that shows the average injected ripple entered in the divider calculation.

In addition, since the virtual FB ripple depends on the input voltage (the switching frequency
is almost constant, see Section 4.2 on page 16) its contribution affects the average output
voltage regulation.

In the low noise mode (for LNM operation refer to Section 4.6.2 on page 32) the regulator
operates in the forced PWM over the load range so:

Equation 18

Rs
Voutmin = (0.9 + VFB oy (Vinuin)) - (1 + ﬁ‘g

R
3
Voutmax = (0-9+VFBaya(Vinuax)) - (1 R’

and the accuracy can be estimated as:

Equation 19

AVout-LNm = (

1 Vour ) ) (VINMAX_VOUT ~Vinui _VOUT) . (1 n Rz)
R

2 fsw-Reot Ceo ViNmax ViNmIN R,

In the low consumption mode (for LCM operation refer to Section 4.6.1 on page 32) the
regulator skips pulses at light load to increase the efficiency.

)
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Figure 17. Virtual ESR signal generation in LCM operation at light load

N
FBvoltage
V\/RTiRIPPLE
7&¥
I} Veg~C
..... FB EAFB
VEAFB
GND
Inductor current |
PK PK
/ w0
W
TruLse
o e
Switching node
Vour
Nv- ..‘g. rvv\__..._- .....
time
Taurst
- >
AM039966

In LCM operation the virtual ripple contributes to the regulated output voltage as follows:

Equation 20

_ 1 TeuLse Rs3 R;
Voutmin = (0-9 T5 VFB o (ViIN) TBURST) (1 + R—) ~0.9- (1 + R_z)

Rs
Voutmax = (0.9+VFBay(Vinvax)) - (1 + R—)

since Tpy, sg << TgyrsT at zero loading condition.

So the accuracy can be calculated as:
Equation 21
Rs
AVoyt_Lom = VFBAVG(VINMAX)'(1 *R—Z)
Equation 18, Equation 19 for the LNM and Equation 20, Equation 21 for the LCM allows

proper dimensioning of the FB voltage divider and virtual ESR contribution given the
acceptable output voltage accuracy over the application input voltage range.

3
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4.4

4.5

28/49

The eDesignSuite on-line simulation tool (see
http://www.st.com/content/st_com/en/support/resources/edesign.html) supports the design
based on the A6984 device by inserting the required electrical specifications of the final
application. The interface is based on a fully annotated and interactive schematic and the
output provides a complete set of the analysis diagram to estimate the electrical, thermal
and efficiency performance.

Moreover, it is possible to design the optional virtual ESR network based on the output
voltage specification in terms of accuracy over the input voltage range.

Soft-start

The soft-start feature minimizes the inrush current and decreases the stress of the power
components during the power-up phase. The A6984 implements the soft-start, clamping the
device current limitation in four different steps in 2 msec time.

During normal operation, a new soft-start cycle takes place in case of:

e  Thermal shutdown event

e UVLO event

e EN pinrising

Figure 18 shows the soft-start feature. The green trace represents the inductor current
which shows different current protection thresholds.

Figure 18. Soft-start feature with resistive load
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Light load operation

The LNM pinstrapping during the power-up phase determines the light load operation.
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4.5.1 Low noise mode (LNM)
Low noise mode implements a forced PWM operation over the different loading conditions.
The LNM features a constant switching frequency to minimize the noise in the final
application and a constant voltage ripple at fixed V|y. The regulator in steady loading
condition never skips pulses and it operates in continuous conduction mode (CCM) over the
different loading conditions.
Figure 19. Low noise mode operation
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Typical applications for LNM operation are car audio and sensors.
4.5.2 Low consumption mode (LCM)

3

The low consumption mode maximizes the efficiency at the light load. As soon as the output
voltage drops, the regulator generates a pulse to have the FB back in regulation. In order to
minimize the current consumption in the LCM part of the internal circuitry is disabled in the
time between bursts.
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Figure 20. LCM operation at zero load
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Figure 21. LCM operation over loading condition (1 of 2)
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Given the energy stored in the inductor during a burst, the voltage ripple depends on the
capacitor value:

Equation 22
T .
AQ IoBURST('L(t) ~d)

COUT COUT

VouT RIPPLE =

)
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Figure 22. LCM operation over loading condition (2 of 2)
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When the load current is higher, the Ig;pp /2 the regulator works in CCM.

F|gure 23. The regulator worklng in CCM
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4.6

4.6.1

4.6.2

4.7

32/49

Switchover feature

The switchover maximizes the efficiency at the light load that is crucial for LCM applications.
The main switching controller is supplied by the VCC pin regulator
An integrated LDO regulates VCC = 3.3 V if VBIAS voltage is < 2.4 V.

VCC is connected to VBIAS through a MOSFET switch if VBIAS > 3.2 V and the embedded
LDO is disabled to increase the light load efficiency.

LCM

LCM operation satisfies the requirements of battery-powered applications where it is crucial
to increase efficiency at the light load.

In order to minimize the regulator quiescent current request from the input voltage, the
VBIAS pin can be connected to an external voltage source in the range 3 V < Vgjag <5.5 V.

In case the VBIAS pin is connected to the regulated output voltage (Vgyt), the total current
drawn from the input voltage can be calculated as:

Equation 23

1 Vaias

lavin = laopvint ===~ "laorvaias
Naeos4  VIN

where I op vins g op veias a@re defined in Table 5: Electrical characteristics on page 7 and
Nasosa IS the efficiency of the conversion in the working point.

LNM

Equation 23 is also valid when the device works in LNM and it can boost the efficiency at
medium load since the regulator always operates in continuous conduction mode.

Overcurrent protection

The current protection circuitry features a constant current protection, so the device limits
the maximum current (see Table 5: Electrical characteristics on page 7) in overcurrent
condition.

The low-side switch pulse-by-pulse current sensing, called “valley”, implements the constant
current protection. In overcurrent condition the internal logic keeps the low-side switch
conducting as long as the switch current is higher than the valley current threshold.

As a consequence, the maximum DC output current is:

Equation 24

| = T IRIPF‘LE = +VIN7VOUT_T
MAX — 'VALLEY_TH 2 ~ 'VALLEY_TH L ON

)
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Figure 24. Constant current operation in dynamic short-circuit
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Figure 25. Valley current sense impl

ements constant current protection
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4.8

4.9

34/49

PGOOD

The internal circuitry monitors the regulated output voltage and keeps the PGOOD open
collector output in low impedance as long as the feedback voltage is below the Vpgp |
threshold (see Table 5 on page 7).

Figure 26. PGOOD behavior during soft-start time with electronic load
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The PGOOD is driven low impedance if Vg = V¢ (internal voltage divider, see Section 4.1
on page 13) and Vgjas > Vpgp H threshold (see Table 5).

The Vpgp H threshold has no effect on PGOOD behavior in case the external voltage divider
is being used.

Overvoltage protection

The overvoltage protection monitors the FB pin and enables the low-side MOSFET to
discharge the output capacitor if the output voltage is 20% over the nominal value. A new
soft-start takes place after the OVP event ends.

)
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Figure 27. Overvoltage operation
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The OVP feature is a second level protection and should never be triggered in normal
operating conditions if the system is properly dimensioned. In other words, the selection of
the external power components and the dynamic performance should guarantee an output
voltage regulation within the overvoltage threshold even during the worst case scenario in
term of load transitions.

The protection is reliable and also able to operate even during normal load transitions for
a system whose dynamic performance is not in line with the load dynamic request. As
a consequence the output voltage regulation would be affected.

In Figure 27 the PGOOD output is driven in low impedance (refer to Section 4.8) as long as
the OVP event is present (Vgg = V¢, that is an internal resistor divider for Vot = 3.3 V).

410 Thermal shutdown

The shutdown block disables the switching activity if the junction temperature is higher than
a fixed internal threshold (150 °C typical). The thermal sensing element is close to the
power elements, ensuring fast and accurate temperature detection. A hysteresis of
approximately 20 °C prevents the device from turning ON and OFF continuously. When the
thermal protection runs away a new soft-start cycle will take place.

3
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Design of the power components

Input capacitor selection

The input capacitor voltage rating must be higher than the maximum input operating voltage
of the application. During the switching activity a pulsed current flows into the input capacitor
and so its RMS current capability must be selected accordingly with the application
conditions. Internal losses of the input filter depend on the ESR value, so usually low ESR
capacitors (like multilayer ceramic capacitors) have a higher RMS current capability. On the
other hand, given the RMS current value, lower ESR input filter has lower losses and so
contributes to higher conversion efficiency.

The maximum RMS input current flowing through the capacitor can be calculated as:

Equation 25

2 2
2.D° D
]

lrms = lo- |D-
n
n

Where | is the maximum DC output current, D is the duty cycles, 7 is the efficiency. This
function has a maximum at D = 0.5 and, considering n = 1, it is equal to |5/2.

In a specific application the range of possible duty cycles has to be considered in order to
find out the maximum RMS input current. The maximum and minimum duty cycles can be
calculated as:

Equation 26
D _ Vout *AViow sipe
MAX Vinmin t AV Low sioe —AVHiGH_siDE
and
Equation 27
D = Vout tAViow sipe
MIN =

Vinmax T AV ow sibe ~ AVHiGH_sipE

Where AV cH_sipe and 4V ow_sipe are the voltage drops across the embedded switches.

The input filter value must be dimensioned to safely handle the input RMS current and to
limit the V| ramp-up slew-rate to 0.1 V/us maximum.

The peak-to-peak voltage across the input filter can be calculated as:

Equation 28

lo D D
Vv :_[1,_ D+2. 17D}+ESR~I
PP Cinfsw ( Tl) n ( : ©

In case of negligible ESR (MLCC capacitor) the equation of Cjy as a function of the target
Vpp can be written as follows:

)
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Equation 29
lo D D
Cny=c0——-|(1-=)-D+=-(1-D
IN Vep - fow |:( n) +'r] ( ):|
Considering n = 1 this function has its maximum in D = 0.5:
Equation 30
lo
C _ ——_——
NMIN- 2 Vep_max - fsw
Typically Cy is dimensioned to keep the maximum peak-to-peak voltage across the input
filter in the order of 5% ViN_max-
Table 6. Input capacitors
Manufacture Series Size Cap value (uF) | Rated voltage (V)
C3225X7S1H106M 1210
TDK
C3216X5R1H106M 1206 10 50
Taiyo Yuden UMK325BJ106MM-T 1210
5.2 Inductor selection

3

The inductor current ripple flowing into the output capacitor determines the output voltage
ripple (please refer to Section 5.3: Output capacitor selection). Usually the inductor value is
selected in order to keep the current ripple lower than 20% - 40% of the output current over
the input voltage range. The inductance value can be calculated by the following equation:

Equation 31

Vin—Vour Vour
Al = —————"Ton = —— Torr

Where Ty and Toeg are the on and off time of the internal power switch. The maximum
current ripple, at fixed Vgt is obtained at maximum Topg that is at minimum duty cycle

(see Section 5.1 to calculate minimum duty). So fixing Al = 20% to 40% of the maximum
output current, the minimum inductance value can be calculated:

Equation 32

Vour 1-Duin
Alyax  Fsw

I'MIN -

where Fgyy is the switching frequency 1/(Ton + Torp)-

For example for Vout =33V, V|y=12V, Ig = 0.4 A and Fgy = 600 kHz the minimum
inductance value to have Al = 30% of |y is about 33 pH.

The peak current through the inductor is given by:
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Equation 33
Al
ILpk = lot =
So if the inductor value decreases, the peak current (that has to be lower than the current
limit of the device) increases. The higher is the inductor value, the higher is the average
output current that can be delivered, without reaching the current limit.

In Table 7 some inductor part numbers are listed.

Table 7. Inductors

Manufacturer Series Inductor value (uH) | Saturation current (A)
LPS6225 47 to 150 0.98 to 0.39
Coilcraft
LPS5030 10 to 47 1.4t00.5

Output capacitor selection

Output voltage ripple

The triangular shape current ripple (with zero average value) flowing into the output
capacitor gives the output voltage ripple, that depends on the capacitor value and the
equivalent resistive component (ESR). As a consequence the output capacitor has to be
selected in order to have a voltage ripple compliant with the application requirements.

The voltage ripple equation can be calculated as:

Equation 34

Alyax
AV = ESR - Al "
ouT MAX T g~ Cout fsw
Usually the resistive component of the ripple can be neglected if the selected output
capacitor is a multilayer ceramic capacitor (MLCC).

For example with Vo1=3.3V, Viy=12V, Al =0.12 A, fg = 600 kHz (resulting by the
inductor value) and Cqyt = 4.7 uF MLCC:

Equation 35
AVour_ 1 Alwax (i 0.12 _5mV o,
Vour Vour 8 Cour fow \33 8 47uF 600kHZ 33

The output capacitor value has a key role to sustain the output voltage during a steep load
transient. When the load transient slew rate exceeds the system bandwidth, the output
capacitor provides the current to the load. In case the final application specifies a high slew
rate load transient, the system bandwidth must be maximized and the output capacitor has
to sustain the output voltage for time response shorter than the loop response time.

)
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5.3.2

3

In Table 8 some capacitor series are listed.

Table 8. Output capacitors

Manufacturer Series Cap value (uF) Rated voltage (V) ESR (mQ)
GRM32 22 to 100 6.3t0 25 <5
MURATA
GRM31 10 to 47 6.3 to 25 <5
ECJ 10 to 22 6.3 <5
PANASONIC
EEFCD 10 to 68 6.3 15t0 55
SANYO TPA/B/C 100 to 470 410 16 40 to 80
TDK C3225 2210 100 6.3 <5

Cour specification and loop stability

Output capacitor value

A minimum output capacitor value is required for the COT loop stability:

Equation 36

Equivalent series resistor (ESR)

Cout2

35

The maximum ESR of the output capacitor is:

Equation 37

DocID030396 Rev 4

VOUT ’ fSW

ESRyax<28-10°-Voyr

39/49




Application board A6984

6 Application board

The reference evaluation board schematic is shown in Figure 28.

Figure 28. Evaluation board schematic
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Table 9. Bill of material
Reference Part number Description Manufacturer
C1 CGA5L3X5R1H106K160AB | 10 uF - 50 V - 1206 TDK
C2 - 100 nF - 50 V - 0805 -
C4 - 470 nF - 10V - 0603 -
C6 CGA5L1X5R1C226M160AC| 22 uF - 16V - 1206 TDK
L1 MSS6132-683MLC 68 uH Coilcraft
R1 - 1MQ - 1% - 0603 -
R4 - 1 MQ -5% - 0603 -
R6 - 100 kQ - 5% - 0603 V -
R8 - 0Q-0603 -
U1 A6984 - ST
J1 - JUMPER - CLOSED -
J2 - JUMPER - CLOSED -
J3 - JUMPER - OPEN -
J4 - JUMPER - OPEN -
R2, R3, R5, R7, R9, C3, C5, C7, C8, C9, C10 - NOT MOUNTED -
VBIAS, PGOOD, VIN,
TP1, TP2, TP3, TP4, TP5, TP6, TP7 - VOUT, EN, GND, GND -
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Figure 29. Top layer 4 x 4 DFN evaluation board

Figure 30. Bottom layer 4 x 4 DFN evaluation board

3
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Efficiency curves

A6984

7 Efficiency curves

Figure 31. VIN 12V - VOUT 5 V (linear scale)
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Figure 32. VIN 24 V - VOUT 5 V (linear scale)
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Figure 33. VIN 12 V - VOUT 3.3 V (linear scale)
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Figure 34. VIN 12V - VOUT 5 V (log scale)
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Figure 35. VIN 24V - VOUT 5 V (log scale)
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Figure 36. VIN 12V - VOUT 3.3 V (log scale)
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Figure 37. VIN 24 V - VOUT 3.3 V (linear scale)
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Figure 38. VIN 12V - VOUT 2.5V (linear scale)
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Figure 39. VIN 24V - VOUT 2.5 V (linear scale)
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Figure 40. VIN 24V - VOUT 3.3 V (log scale)
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Figure 41. VIN 12 V - VOUT 2.5 V (log scale)
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Figure 42. VIN 24 V - VOUT 2.5 V (log scale)
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Package information

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK packages, depending on their level of environmental compliance. ECOPACK
specifications, grade definitions and product status are available at: www.st.com.

ECOPACK is an ST trademark.

VFDFPN10 4 x 4 x 1.0 mm package information

Figure 43. VFDFPN10 4 x 4 x 1.0 mm package outline
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A6984 Package information

Table 10. VFDFPN10 4 x 4 x 1.0 mm package mechanical data(!), (), (3)

Dimensions (mm)
Symbol
Min. Nom. Max.
A 0.80 0.85 0.90
A1 0.0 - 0.05
A3 0.20 REF.
b 0.20 0.25 0.30
D 3.90 4.00 4.10
D2 3.00 3.10 3.20
e 0.50 BSC
E 3.90 4.00 4.10
E2 2.15 2.25 2.35
F 0.55 REF.
0.50 BSC
H 0.25 REF.
L 0.30 0.40 0.50
L1 0.45 REF.
K 0.475 REF.
N 10

1. All dimensions are in mm, angles in degrees.
2. Coplanarity applies to the exposed pad as well as the terminals. Coplanarity shall not exceed 0.08 mm.
3. Warpage shall not exceed 0.10 mm.

3
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Package information A6984
Figure 44. VFDFPN10 4 x 4 x 1.0 mm package detail A
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Figure 45. VFDFPN10 4 x 4 x 1.0 mm suggested package footprint

FOOTPRINT SUGGESTED

~—2.30 —

1l
1707

07

i

A_E.ZS
7T

|
4

v/l E 0.35

k

f

)

0.30—~]| |-

[=—o.

50

DoclD030396 Rev 4




A6984

Ordering information
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Ordering information

Table 11. Order codes

Part number Package Packaging
A6984 VFDFPN10 4 x 4 Tube
A6984TR VFDFPN10 4 x 4 Tape and reel
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Revision history

Table 12. Document revision history

Date Revision Changes
02-Mar-2017 1 Initial release
19-Dec-2017 2 Added sentence between Equation 27 and Equation 28.
Updated: Features on the cover page, Figure 15, Equation 12 and
11-May-2018 3 sentence between Equation 27 and Equation 28.
Added: new item dVIN/dt and footnote on Table 2.
31-Aug-2020 4 Updated Section 1.5: ESD protection.
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IMPORTANT NOTICE — PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, please refer to www.st.com/trademarks. All other
product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2020 STMicroelectronics — All rights reserved
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