MICROCHIP

MIC28517

70V/8A Hyper Speed Control® Synchronous
DC/DC Buck Regulator with External Mode Control

Features

» Hyper Speed Control® Architecture Enables:
- High input to output voltage conversion ratio
capability (V,y =70V and Vo1 = 0.6V)
- Small output capacitance
* 4.5V to 70V Input Voltage
+ 8A Output Current Capability with Up to 95% Efficiency
+ Adjustable Output Voltage from 0.6V to 32V
- Selectable HyperLight Load® (HLL) or Continuous
Conduction Mode (CCM) Operation
* +1% FB Accuracy
* Any Capacitor™ Stable:
- Zero-ESR to High-ESR output capacitors
+ 270 kHz to 800 kHz Adjustable Switching Frequency
* Internal Compensation
+ Built-in 5V Regulator for Single-Supply Operation
* Auxiliary Bootstrap LDO for Improving System
Efficiency
« Internal Bootstrap Diode
* Programmable Current Limit
» “Hiccup” Mode Short-Circuit Protection
* Thermal Shutdown
» Supports Safe Start-up into a Pre-Biased Output
* -40°C to +125°C Junction Temperature Range
* Available in 32-Pin, 6 mm x 6 mm VQFN Package

Applications

* Distributed Power Systems

» Communications/Networking Infrastructure
* Industrial Power Supplies

» Solar Energy

Typical Application Circuit

General Description

The MIC28517 is an adjustable frequency, synchro-
nous buck regulator that features a unique adaptive
on-time control architecture. The MIC28517 operates
over an input supply range of 4.5V to 70V and provides
a regulated output of up to 8A of output current. The
output voltage is adjustable down to 0.6V, with an
accuracy of +1%.

Hyper Speed Control architecture allows for an ultra-fast
transient response, while reducing the output capaci-
tance, and also makes high-V,\/low-Vgoyt operation
possible. This adaptive on-time control architecture
combines the advantages of fixed frequency operation
and fast transient response in a single device.

The operating mode under light load conditions is select-
able; HyperLight Load mode and Continuous Conduction
Mode are available. HLL mode results in higher efficiency
than that of the CCM under light load conditions, while
the CCM keeps the switching frequency almost constant
over the entire load current range.

The MIC28517 offers a full suite of features that
ensures the protection of the Integrated Circuit (IC)
during Fault conditions. These features include Under-
voltage Lockout (UVLO) to ensure proper operation
under power sag conditions, soft start to reduce inrush
current, Hiccup mode short-circuit protection and
thermal shutdown.
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MIC28517

Package Type
MIC28517
6 mm x 6 mm 32-Lead VQFN
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MIC28517

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratingst

YN AV TN o 3 =L @ I (o3 = N L -0.3V to +71V
PVDD:, VDD 10 PGIND ...ttt e et a bt a e e et et e s et e ee s heen e e st en e er e et et e enee e -0.3V to +6V
SW, ILIM O PGIND .ottt ettt et a et e et e e e et e e nae e e e et ne e -0.3V to (PV)y + 0.3V)
VBST to VSW .................................................................................................................................................. -0.3V to +6V
VBT T0 PGIND ...t e e e ettt ettt e r b ettt -0.3V to +76V
EIN O AGND ...ttt ettt h ettt ettt h et h e et et a e ae et ea e e n e ne e e neeeneenrean -0.3V to (SV)y + 0.3V)
=T o € (o1 ] N TSR -0.3V to (Vpp + 0.3V)
1) I/ 1 I (o3 ] N I PSP -0.3V to +12V
LT (o TS €1 TSP -0.3V to +0.3V
JUNCHON TEMPEIALUIE ...ttt e e e e e et e e e e et b eeeeeeesbsbaeaeeeseseeessennaseeeeessnseeeeaean +150°C
o] = o T I =T 0T 0=y = 0 SR -65°C to +150°C
ESD RAUNGM ..ottt 1kV

Operating Ratingsi

SUPPIY VOIRAGE (SVNy PVIN) -reeneeermmieitieiie ettt ettt ettt ettt eane e 4.5V to 70V
Bias VOIAGE (PV DD, VDD) «-verrreterreemtertianitiaitetee et e st st e ste e et sae e e bt si et st ebe e eh e e st e e b e e sebe et e e nreeesaeeeanennes 4.5V to 5.5V
EN, FB, PG ...ttt e ettt h Rt E e b et er e a s et e e ere s 0V to Vpp
EXTVDD ..ottt e a etk R R R e E et ekttt e s e e e 0V to12V
JUNCHON TEMPEIALUIE ...ttt e e et e e e et e e e e e et b e e e e e e s ar e e e e e sesteeeesnssaneeeaan -40°C to +125°C

T Notice: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operational sections of this specification is not intended. Exposure to maximum rating conditions for
extended periods may affect device reliability.

T Notice: The device is not ensured to function outside its operating ratings.

Note 1: Devices are ESD-sensitive. Handling precautions are recommended. Human body model, 1.5 kQ in series
with 100 pF.

ELECTRICAL CHARACTERISTICS(!

Electrical Characteristics: PV|N =12V, VOUT =5V, VDD =5V, VBST - VSW =5V, fSW =300 kHz, RCL =2.21 kQ,
L =6.8 uH, Ty = +25°C, unless noted. Boldface values indicate -40°C < T; < +125°C.

Parameters | Sym. ‘ Min. | Typ. ‘ Max. ‘ Units ‘ Conditions

Power Supply Input

Input Voltage Range |PVnSVn| 45 | — [ 70 | v |

Vpp Bias Voltage

Operating Bias Voltage Vpp 4.8 5.1 5.4 V

Undervoltage Lockout Trip Level UVLO 3.7 4.2 4.6 \ Vpp rising

UVLO Hysteresis UVLO_HYS — 600 — mV

Vpp Dropout Voltage — 700 — 1250 mV VN = 5.5V, Ipypp = 25 mA

EXTVDD Switchover Voltage — 4.4 4.6 4.8 \

EXTVDD Switchover Hysteresis — — 0.2 — \%

Quiescent Supply Current Iq — 1.25 — mA  |Vgg = 1.5V

Shutdown Supply Current lQsHDN — 0.15 2 MA Power from V,y, Vgy = 0V
— 35 60 pA Vin=Vpp =5.5V, Vgy =0V

Note 1: Specification for packaged product only.
2: The g is trimmed to get the current in the limits at room temperature.

© 2020 Microchip Technology Inc. DS20006317A-page 3



MIC28517

ELECTRICAL CHARACTERISTICS(!) (CONTINUED)

Electrical Characteristics: PV|N =12V, VOUT =5V, VDD =5V, VBST - VSW =5V, fSW =300 kHz, RCL =2.21 kQ,
L =6.8 uH, T = +25°C, unless noted. Boldface values indicate -40°C < T < +125°C.

Parameters Sym. ‘ Min. | Typ. ‘ Max. ‘ Units ‘ Conditions
Reference
Feedback Reference Voltage Veg 0.597 0.6 0.603 \ T,=+25°C
0.594 0.6 0.606 -40°C = T;<+125°C
Load Regulation — — 0.04 — % lout = 0A to 8A
Line Regulation — — 0.1 — % PV|y =7V to 70V
FB Bias Current IFB BIAS — 0.05 0.5 MA Vg = 0.6V
Enable Control
EN Logic Level High ENuiGH 1.6 — — V
EN Logic Level Low EN_ow — — 0.6 V
EN Bias Current lENBIAS — 6 30 pA Ven =0V
On Timer
Maximum Switching Frequency FREQ 720 800 880 kHz |FREQ =PV, loyt = 8A
Minimum Switching Frequency FREQ 230 270 300 kHz |FREQ =33% PV|y
Maximum Duty Cycle Dmax — 85 — % Vgg =0V, FREQ = PV)y
(Note 1)
Minimum Duty Cycle Dmin — 0 — % Veg > 0.6V
Minimum Off-Time torFMIN 100 200 300 ns
Minimum On-Time tonMINy — 60 — ns
Soft Start
Soft Start Period Range — ‘ 25 — ‘ 40 ms
Current Limit
Current Limit leum 5.75 6.25 6.75 A ReL = 3.1 kQ (Note 2)
ILim Source Current lcL — 96 — pA
I_m Source Current Tempco — — 0.3 — pA/SC
Internal FETs
Top MOSFET Rps(on) Rps(on) — 18 — mQ
Bottom MOSFET Rpgs(on) Rps(on) — 18 — mQ
SW Leakage Current IswLEAK — — 5 MA PV|y = 48V, Vg = 0V
PV,N Leakage Current IINLEAK — — 10 MA PV\y =48V, Vg = 0V
BST Leakage Current IBSTLEAK — — 10 MA PV|y =48V, Vg\ = 0V
Power Good (PG)
PG Threshold Vpg TH 85 90 95 % Vg rising
PG Threshold Hysteresis VpG_HYs — 6 — % Vg falling
PG Delay Time tre DLY — 100 — us Vg rising
PG Low Voltage VpG_Low — 70 200 mV  |Vgg <90% * VNowms
lpg = 1 mA
Thermal Protection
Overtemperature Shutdown TsHD — +150 — °C T, rising
Overtemperature Shutdown TsHD_HYs — +15 — °C
Hysteresis

Note 1:

Specification for packaged product only.
2: The lg is trimmed to get the current in the limits at room temperature.
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MIC28517

TEMPERATURE SPECIFICATIONS

Parameters | Sym. | Min | Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Junction Operating Temperature T, -40 — +125 °C Note 1
Storage Temperature Range Ts -65 — +150 °C
Junction Temperature T, — — +150 °C
Lead Temperature — — — +260 °C | Soldering, 10s
Package Thermal Resistance
Thermal Resistance, 6 mm x 6 mm, 0Ja — 33.3 — °C/IW
32-Lead QFN

Note 1: The maximum allowable power dissipation is a function of ambient temperature, the maximum allowable
junction temperature and the thermal resistance from junction to air (i.e., Tp, T, 65). Exceeding the
maximum allowable power dissipation will cause the device operating junction temperature to exceed the
maximum +125°C rating. Sustained junction temperatures above +125°C can impact the device reliability.

© 2020 Microchip Technology Inc.
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NOTES:
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MIC28517

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore, outside the warranted range.

Note:  Unless otherwise indicated, VN = 12V, Vout = 5V, loyt = 0A, fgywy = 300 kHz, R = 3.1 kQ), L = 6.8 pH.
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MIC28517

Unless otherwise indicated, V|N =12V, VOUT =5V, IOUT = 0A, fSW =300 kHz, RCL =31k, L=6.8 HH
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MIC28517

Note: Unless otherwise indicated, V|N =12V, VOUT =5V, IOUT = 0A, fSW =300 kHz, RCL =31k, L=6.8 HH
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MIC28517

Note: Unless otherwise indicated, V|N =12V, VOUT =5V, IOUT = 0A, fSW =300 kHz, RCL =31k, L=6.8 HH
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MIC28517

Note: Unless otherwise indicated, V|N =12V, VOUT =5V, IOUT = 0A, fSW =300 kHz, RCL =31k, L=6.8 HH
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MIC28517

Note: Unless otherwise indicated, V|N =12V, VOUT =5V, IOUT = 0A, fSW =300 kHz, RCL =31k, L=6.8 HH
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Note:

Unless otherwise indicated, V|N =12V, VOUT =5V, IOUT = 0A, fSW =300 kHz, RCL =31k, L=6.8 HH
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FIGURE 2-37: Output Current Limit vs.
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Note:
Ven & i
2Vidiv <
Vs -
10Vidiv
5 / e —
A ... Vour=5V
Vour louT = 8A
2Vidiv
V,
5Vidiv 4 ms/div
FIGURE 2-42: Enable Turn-On and Rise
Time.

VEN 2 K
2Vidiv. |

Vsw ..

10V/div:
Ianl'r :
2Vidiv o Vin =12V
: R Vour =5V

louT =8A
vV, S
5Vfaiv
2 ms/div
FIGURE 2-43: Enable Turn-Off.

Vin

A0V/div, : : ; Lt

Vsw

10V/div

Vour = 12V

‘2Vidiv VI:UT .y

loyr =0A:

: Veregias = 3V -

A

5A/div y

2 ms/div

FIGURE 2-44: V) Start-up with Pre-Biased
Output.

Unless otherwise indicated, V|N = 12V, VOUT = 5V, IOUT = OA, fSW =300 kHZ, RCL =31 kQ, L=6.8 HH

Vi : :
“10Vidiv :

10Vidiv
-VOUT X .
5V/div py
: — TV =12V
Vout =5V
- -~ loyur =8A
sadiv . 4msidiv '
FIGURE 2-45: V|y Soft Turn-On.
Vin oo
10V/div
Vsw e
10V/div
;’3;31 D vy =12v
M "~ Voyr =5V
loyr = 8A
5A/div
10 ms/div
FIGURE 2-46: VN Soft Turn-Off.
-VEN Ly S
2Vidiv | R
Vsw
“10V/div
Vout'
2Vidiv
kY .
SVidy 10 msidiv_
FIGURE 2-47: Enable Turn-On/Turn-Off.
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Note: Unless otherwise indicated, V|N = 12V, VOUT = 5V, IOUT = OA, fSW =300 kHZ, RCL =31 kQ, L=6.8 UH

Vour ——W““

"

50 mV/div
AC Coupled.
- +
Vsw ;
10V/div ;
Vi =12V
Vour =5V
lout =50 mA :
..MODE = GND_
2A/div 40 ps/div
FIGURE 2-48: Switching Waveforms — HLL
(Vour =5V, loyt = 50 mA).
Vout M
50 mV/div ST A
AC Coupled : : : : :
VSW d L5 L :‘—
10V/div Viy=12v.
) Vour=5V. ...
loyr =50 mA
MODE = VDD -
Iy g .
5A/div 2 psidiv
FIGURE 2-49: Switching Waveforms —

cCcmMm (VOUT = 5\/, IOUT =50 mA)

50 mV/div - : : : : :

AC Coupled

Vsw i

10V/div

L e Sy

5A/div V=12V
Vour =5V
lout = 8A

: : 2 psidiv
FIGURE 2-50: Switching Waveforms

(Vour =5V, loyt = 8A).

AC Coupled .

Vsw -
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Vour MWMMWMMWMWM
50 mv/di SR S

I =
2A/div

Viy =12V

VMODE. . . ; Vour =5V .
5Vidiv -.1 IOUT =50 mA +

40 ps/div

FIGURE 2-51:

HLL to CCM Transition

(Vour =5V, loyt = 50 mA).
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2Vidiv- Rep = 3.1KQ:
: ; . loyr=SHORT
Vour ﬂ ﬂ—-
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FIGURE 2-52: Enable into Short Circuit.
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I o

10A/div

2 msidiv :

FIGURE 2-53:

Power-up into Short Circuit.
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Note:

Vour Vin =12V

2V/div.. . Vour=5V.. ... .. . .
Ry = 3.1 kQ .

lout = 0A to SHORT

10VIdiv

P
Vpg i
5V/div
I e
10A/div 400 is/div
FIGURE 2-54: Behavior when Entering
Short Circuit.
SV =12V
Vour  Voyr=5V'
2vidiv ReL = 3.1kQ
- lout = SHORT to 0A:
Veg
5V/div
[ Mesitmatiinanis
10A/div :2 msJ/div
FIGURE 2-55: Recovery from Short Circuit.
Vour i V=12V
2v/div Vour =5V -

lour = 500 mA

o

Vpg -
5Vidiv

lour -

500 mA/div

‘4 ms/div

FIGURE 2-56:
Thermal Shutdown.

Behavior when Entering

Unless otherwise indicated, V|N = 12V, VOUT = 5V, IOUT = OA, fSW =300 kHZ, RCL =31 kQ, L=6.8 HH

V=12V

Voyr =5V
Vour loyr = 500 mA
2V/div

+

Vsw
10V/div

Ve ©
5V/div :

lout ;
500 mA/div
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FIGURE 2-57:
Shutdown.

Recovery from Thermal

Vour :
200 mV/div: -
AC Coupled

3

V=12V

. VOUT =5V . ... ..
S " lour=0Ato4A
lour = -0 i ...~ .. MODE = Vpp. . . .
5A/div : .
: : 200 ps/div :
FIGURE 2-58: Load Transient Response —
CcCMm (IOUT =0Ato 4A)
Vour
200 mV/div'
AC Coupled
ViN=12vo
Vour =5V
lour = 0A to 4A
MODE = GND
lout o
5A/div N S «
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FIGURE 2-59:

Load Transient Response —
HLL (loyT = 0A to 4A).
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Note: Unless otherwise indicated, V|N =12V, VOUT =5V, IOUT = 0A, fSW =300 kHz, RCL =31k, L=6.8 UH
Vour : S Vour : D
200 mV/div: : : : 200 mV/div: -
AC Coupled ) : AC Coupled : : ]
; ; Vjy = 70V
Vour =5V
: - : : : S o 0A to8A -
: 3 : : : : : MODE = GN:D
.Vl:N=.12.V. RS P
- Voyr =5V
X X ! IOUT =0A to 8A X
lout : -~ | - MODE = Vpp lout -
5A/div . [ : . 5A/div .
) 20_0_;1.s_ldi\.1 ] o ;200 isldiv :
FIGURE 2-60: Load Transient Response — FIGURE 2-63:

Load Transient Response —

CcCcmMm (IOUT = 0A to 8A, V/N = 72\/) HLL (IOUT = 0A to 8A, V/N = 70\/)

Vour o C 10Vidiv pe——— .
200 MWdiv < e e SURRUUIE TN s e
AC Coupled . . : : : - : :
CVNE12V o Vsw .
Vour =5V - : 10Vidiv
lout = 0A t08A -
MODE = GND
: v Vi = 12V to 18V
ouT - N
200 mV/div o Y°”T= BSAV
. S Lo AC Coupled vt
1\" . — . - .
USRI SRS NS SN SRSV | lout . o
: S S 5A/div C
200 ps/div : : 4 ms/div
FIGURE 2-61: Load Transient Response — FIGURE 2-64: Line Transient Response
HLL (Ioy7T = 0A to 8A, Vi = 12V). (Vin= 12V to 18V).
Vour S - Yoo
200 mV/div 20V/div. i .0 r-"'*-" b
AC Coupled " "
Vsw
20V/div
Viy =70V v S " Vin =12V to 24V
S Vour=5v = 260 mVidiy e Vour =5V
lout = 0A to'8A AC Coupled  loyr=8A
lout SR MODE = Vpy = - mmm‘ ———
5A/div S Cy lour™ T ——
SAIdiv _
200 ps/div : ; ; 4 ms/div
FIGURE 2-62: Load Transient Response — FIGURE 2-65:

Line Transient Response
CCM (loyT = 0A to 8A, Vi = 70V). (Viny = 12V to 24V).
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Note:

Vin = ‘
20V/div ; g
Vew -
20V/div-

Vjy = 12V to 36V
Vour Vour = 5V
200 mV/div : ; PodPY ;
AC Coupled S out = S
lout’ F T
5A/div

: 4 ms/div

FIGURE 2-66:
(Viy = 12V to 36V).

Line Transient Response

Vi

Vsw :
50V/div
- V; =12V to 48V
V. IN
OUT e . Vour =5V
200 mV/div 0T o
AC Coupled ouT =
—-—-—-l R
lout T
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FIGURE 2-67:
(Viy = 12V to 48V).

Line Transient Response

Unless otherwise indicated, V|N = 12V, VOUT = 5V, IOUT = OA, fSW =300 kHZ, RCL =31 kQ, L=6.8 HH

(Vjy = 12V to 70V).

YN oo SN
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50V/div
VOUT . xm = 1_2;/\;0 70V
200 mV/div | QUT__S A
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B el
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FIGURE 2-68:

Line Transient Response
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3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

PIN FUNCTION TABLE

TABLE 3-1:

Pin
Number

Symbol

Description

1

ILim

Current Limit Adjust Input. Connect a resistor from Iy, to the SW node to set the current
limit. Refer to Section 4.4 “Current Limit” for more details.

2,16,17,
18, 19,
22,29

PGND

Power Ground. PGND is the ground path for the MIC28517 buck converter power stage. The
PGND pin connects to the sources of the low-side N-channel internal MOSFET, the negative
terminals of the input capacitors and the negative terminals of the output capacitors. The
loop for the Power Ground should be as small as possible and separate from the Analog
Ground (AGND) loop.

3,12,13,
14, 15,

SW

Switch Node (Output). Internal connection for the high-side MOSFET source and low-side
MOSFET drain. Connect one terminal of the inductor to the SW node.

BST

Boost Pin (Output). Bootstrapped voltage to the high-side N-channel internal MOSFET
driver. An internal diode is connected between the PVpp pin and the BST pin. A boost
capacitor of 0.1 yF is connected between the BST pin and the SW pin.

PV|N

High-Side Internal N-Channel MOSFET Drain Connection (Input). The PV |y operating
voltage range is from 4.5V to 75V. Input capacitors between the PV pins and the Power
Ground (PGND) are required and the connection should be kept as short as possible.

PVpp

Supply for the MOSFET Drivers. Connect to Vpp through a 2Q series resistor. Connect a
minimum 4.7 yF low-ESR ceramic capacitor from PVpp to PGND.

EXTVDD

Auxiliary LDO Input. Connect to a supply higher than 4.7V (typical) to bypass the internal
high-voltage LDO or leave unconnected/connected to ground.

Connect a 2.2 uF low-ESR ceramic capacitor between EXTVDD and PGND when EXTVDD
is connected to an external supply.

24

EN

Enable (Input). A logic level control of the output. The EN pin is CMOS-compatible. Logic
high = enable, logic low = shutdown. In the OFF state, the Vpp supply current of the device is
reduced. Do not pull the EN pin above the Vpp supply.

25

FREQ

Frequency Programming Input. Connect to V| to set the switching frequency to 800 kHz.
Connect to the midpoint of a resistor divider from PV,y to AGND to set the switching
frequency. Refer to Section 5.1 “Setting the Switching Frequency”.

26

MODE

Operation Mode Selection Pin. Connect to GND to set the HyperLight Load® operation mode
to HLL or to Vpp to set to Continuous Conduction Mode (CCM).

27

FB

Feedback (Input). Input to the transconductance amplifier of the control loop. The FB pin is
regulated to 0.6V. A resistor divider, connecting the feedback to the output, is used to adjust
the desired output voltage.

28

AGND

Analog Ground. Reference node for all the control logic circuits inside the MIC28516/7.
Connect AGND to PGND at one point; see Section 6.0 “PCB Layout Guidelines” for
details.

30

Vpp Bias (Input). Power to the internal reference and control sections of the MIC28517. The
Vpp operating voltage range is from 4.5V to 5.5V. A 2.2 yF ceramic capacitor from the Vpp
pin to the PGND pin must be placed next to the IC.

31

SV|N

Input Voltage to the Internal Regulator. Powers the internal reference and control section of
the MIC28516/7. Connect to PV through a 2Q resistor. Connect a 1 yF capacitor from this
pin to AGND.

32

PG

Open-Drain Power Good Output. PG is pulled to ground when the output voltage is below
90% of the target voltage. Pull-up to Vpp through a 10 kQ resistor to set a logic high level
when the output voltage is above 90% of the target voltage.
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4.0 FUNCTIONAL DESCRIPTION

The MIC28517 is an adaptive on-time synchronous,
step-down DC/DC regulator. It is designed to operate
over a wide input voltage range, from 4.5V to 70V, and
provides a regulated output voltage at up to 8A of
output current. An adaptive on-time control scheme is
employed in order to obtain a constant switching
frequency and to simplify the control compensation.
Overcurrent protection is implemented with the use of
an external sense resistor which sets the current limit.
The device includes a programmable soft start function
that reduces the power supply input surge current at
start-up by controlling the output voltage rise time.

4.1 Theory of Operation

The output voltage is sensed by the MIC28517 Feed-
back pin, FB, via the voltage dividers, R1 and R2, and
compared to a 0.6V Reference Voltage (Vrgg) at the
main comparator, through a low-gain transconductance
(9m) amplifier (for more details, see the Functional
Block Diagram). If the feedback voltage decreases and
the output of the g,,, amplifier is below 0.6V, then the
main comparator triggers the control logic and
generates an on-time period. The on-time period is
predetermined by the fixed toy estimator circuitry value
from Equation 4-1:

EQUATION 4-1:

VOUT

t = —
ON(ESTIMATED -
( ) Vin xIfsw

Where:

Vour = Output Voltage
Vv = Power Stage Input Voltage
Jfsw = Switching Frequency

At the end of the on-time period, the internal high-side
driver turns off the high-side MOSFET and the low-side
driver turns on the low-side MOSFET. The off-time
period length depends upon the feedback voltage in
most cases. When the feedback voltage decreases
and the output of the g,, amplifier is below 0.6V, the
on-time period is triggered and the off-time period
ends. If the off-time period, determined by the feedback
voltage, is less than the Minimum Off-Time, torruiny,
which is about 240 ns, then the MIC28517 control logic
will apply the tOFF(M|N) instead. The minimum tOFF(N”N)
period is required to maintain enough energy in the
Boost Capacitor (Cggr) to drive the high-side MOSFET.

The maximum duty cycle is obtained from the 240 ns
torFMIN:

EQUATION 4-2:
ts—toFFMIN) 240ns
Dyryx = - ]__t
N N
Where:
tg = 1/fSW

It is not recommended to use the MIC28517 with an
off-time close to toprguiny during steady-state
operation.

The actual on-time and resulting switching frequency
will vary with the part-to-part variation in the rise and fall
times of the internal MOSFETSs, the output load current
and variations in the Vpp voltage. Also, the minimum
ton results in a lower switching frequency in high Vy to
Vour applications, such as 70V to 1.0V.

Figure 4-1 shows the MIC28517 control loop timing
during steady-state operation. During steady-state
operation, the g,, amplifier senses the feedback
voltage ripple. The feedback ripple is proportional to
the output voltage ripple and the inductor current ripple
to trigger the on-time period. The on-time is predeter-
mined by the toy estimator. The termination of the
off-time is controlled by the feedback voltage. At the
valley of the feedback voltage ripple, which occurs
when Vg falls below Vrgp, the off period ends and the
next on-time period is triggered through the control
logic circuitry.

m

Vour I
! | ™} AVourpr) =ESRc X Al pp)
\

, i >

Veg Il
y Y -v Ry

Vrer ¥ SESON NN _ ¥ AVegpp) = OUT(PP)XW
11 -

!
DH T_‘ Trigger (j)q—ﬂme if Vig is Below Vgeg

D00,

Estimated On-Time

FIGURE 4-1:
Timing.

MIC28517 Control Loop
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Figure 4-2 shows the operation of the MIC28517 during
load transient. The output voltage drops due to the
sudden load increase, which causes Vgg to be less than
Vgrer This causes the error comparator to trigger an
on-time period. At the end of the on-time period, a
minimum off-time is generated to charge Cggt because
the feedback voltage is still below Vggr Then, the next
on-time period is triggered due to the low feedback
voltage. Therefore, the switching frequency changes
during the load transient, but returns to the nominal fixed
frequency once the output has stabilized at the new load
current level. With the varying duty cycle and switching
frequency, the output recovery time is fast and the output
voltage deviation is small in the MIC28517 converter.

lOUT Full Load

No Load

Y

Vout

\l

- VRer

Y

DH |
AT
e >
TorFMIN)
FIGURE 4-2: MIC28517 Load Transient
Response.

Unlike true Current-mode control, the MIC28517 uses
the output voltage ripple to trigger an on-time period.
The output voltage ripple is proportional to the inductor
current ripple if the ESR of the output capacitor is large
enough.

In order to meet the stability requirements, the
MIC28517 feedback voltage ripple should be in phase
with the inductor current ripple and large enough to be
sensed by the g,, amplifier. The recommended feed-
back voltage ripple is 20 mV ~ 100 mV. If a low-ESR
output capacitor is selected, then the feedback voltage
ripple may be too small to be sensed by the g,, ampli-
fier and the error comparator. Also, the output voltage
ripple and the feedback voltage ripple are not
necessarily in phase with the inductor current ripple if
the ESR of the output capacitor is very low. For these
applications, ripple injection is required to ensure
proper operation. Refer to Section 5.8 “Ripple Injec-
tion” under Section 5.0 “Application Information”
for details about the ripple injection technique.

4.2  HyperLight Load® (HLL)
Mode/Discontinuous Mode

In Continuous mode, the inductor current can go
negative in light loads. However, at light loads, the
MIC28517 is able to force the inductor current to oper-
ate in Discontinuous mode when MODE is set to HLL
mode. In HLL mode, the efficiency is optimized by shut-
ting down all the non-essential circuits and minimizing
the supply current. The MIC28517 wakes up and turns
on the high-side MOSFET when the Feedback Voltage,
Vg, drops below 0.6V.

The MIC28517 has a zero-crossing comparator
(Zero-Cross Detection) that monitors the inductor
current by sensing the voltage drop across the low-side
MOSFET during its on-time. If the Vg is > 0.6V and the
inductor current goes slightly negative, then the
MIC28517 automatically powers down most of the IC
circuitry and goes into a low-power mode.

Once the MIC28517 goes into Discontinuous mode,
both the high-side and the low-side MOSFETSs are kept
in an OFF state. The load current is supplied by the out-
put capacitors and Vgt drops. If the drop of Voyt
causes Vg to go below VRgg, then all the circuits wake
up into normal Continuous mode. Figure 4-3 shows the
control loop timing in Discontinuous mode.

Low side MOSFET current crosses OA and the comparator inverting input,
'VgM, is higher than its reference. This condition triggers the HLL mode
The comparator inverting input, VgM, is lower than its
I reference. The MIC28515 comes out of HLL mode

0A

FIGURE 4-3:
Timing (HLL Mode).

During Discontinuous mode, the bias current of most
circuits is reduced. As a result, the total power supply
current during Discontinuous mode is only about
400 pA, allowing the MIC28517 to achieve high
efficiency in light load applications.

MIC28517 Control Loop
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4.3 Soft Start

Soft start reduces the power supply input surge current at
start-up by controlling the output voltage rise time. The
input surge appears while the output capacitor is charged
up. A slower output rise time draws a lower surge current.

The MIC28517 implements an internal digital soft start
by adjusting the 0.6V Reference Voltage, Vggr, ramp
from 0 to 100% in 5 ms. Therefore, the output voltage
is controlled to increase slowly by a staircase Vgg
ramp. Once the soft start cycle ends, the related
circuitry is disabled to reduce current consumption.
Vpp must be powered up at the same time or after V|
to make the soft start function correctly.

4.4 Current Limit

The MIC28517 uses the low-side MOSFET Rpgon) to
sense the inductor current. In each switching cycle of
the MIC28517 converter, the inductor current is sensed
by monitoring the voltage across the low-side MOSFET
during the off period of the switching cycle, when the
low-side MOSFET is on. An internal current source of
96 PA generates a voltage across the external Current
Limit Setting Resistor, R¢ .

The Iy Pin Voltage (V| m) is the difference between
the voltage across the low-side MOSFET and the volt-
age across the resistor (Vg ). The sensed voltage,
V\Lim» is compared to the Power Ground (PGND) after
a blanking time of 150 ns.

If the absolute value of the voltage drop across the
low-side MOSFET is greater than the absolute value of
the voltage across the Current Setting Resistor (V¢),
the MIC28517 triggers the current limit event. Eight
consecutive current limit events trigger the Hiccup
mode. Once the controller enters into Hiccup mode, it
initiates a soft start sequence after a hiccup time-out of
4 ms (typical). Both the high-side and low-side
MOSFETs are turned off during a hiccup time-out. The
hiccup sequence, including the soft start, reduces the
stress on the switching FETs, and protects the load and
supply from severe short conditions.

Since the MOSFET Rpg(on) varies from 30% to 40%
with temperature, it is recommended to consider the
Rps(on) variation, while calculating Rc in the above
equation, to avoid false current limiting due to
increased MOSFET junction temperature rise.

To improve the current limit variation, the MIC28517
adjusts the internal Current Limit Source Current (I, ) at
arate of 0.3 yA/°C when the MIC28517 junction tempera-
ture changes to compensate the Rpg(on) variation of the
low-side MOSFET. Figure 2-37 indicates the temperature
variation of the current limit with Rg_ = 3.1 kQ.

A small capacitor (C¢| ) can be connected from the I
pin to PGND to filter the switch node ringing during the
off period, allowing a better current sensing. The time
constant of Rg and Cg should be less than the
minimum off-time.

4.5 Negative Current Limit

The MIC28517 implements a negative current limit by
sensing the SW voltage when the low-side MOSFET is
on. If the SW node voltage exceeds 48 mV, typical, or
an equivalent of 2.7A, the device turns off the low-side
MOSFET for 500 ns.

EQUATION 4-3:
INegiLimit = Vth_SW/RDS

Where:
Vin_sw = Switching Node Voltage (48 mV)

Rps = Drain to Source Resistance for
Low-Side MOSFET (18 mQ)

I Neg Limit = 0.048/0.018 = 2.66A

4.6 Internal MOSFET Gate Drive

The functional block diagram shows a bootstrap circuit,
consisting of an internal diode from PVpp to BST and
an external capacitor connected from the SW pin to the
BST pin (Cggt). This circuit supplies energy to the
high-side drive circuit. The capacitor, Cggr, is charged
while the low-side MOSFET is on and the voltage on
the SW pin is approximately OV. Energy from Cggt is
used to turn on the high-side MOSFET. As the
high-side MOSFET turns on, the voltage on the SW pin
increases to approximately V|y. The internal diode is
reverse-biased and Cggt floats high while continuing to
keep the high-side MOSFET on. The bias current of the
high-side driver is less than 10 mA, so a 0.1 pF to 1 pF
is sufficient to hold the gate voltage with minimal droop
for the power stroke (high-side switching) cycle (i.e.,
ABST = 10 mA x 4 ps/0.1 yF = 400 mV). When the
low-side MOSFET is turned back on, Cpggt is
recharged through D1. A small resistor in series with
Cpgst can be used to slow down the turn-on time of the
high-side N-channel MOSFET.

The drive voltage is derived from the PVpp supply volt-
age. The nominal low-side gate drive voltage is PVpp
and the nominal high-side gate drive voltage is approxi-
mately PVpp — Vpiope, where Vpopg is the voltage drop
across the internal diode. An approximate 30 ns delay
between the high-side and low-side driver transitions is
used to prevent current from simultaneously flowing
unimpeded through both MOSFETSs.

4.7 Auxiliary Bootstrap LDO
(EXTVDD)

The MIC28517 features an auxiliary bootstrap LDO which
improves the system efficiency by supplying the
MIC28517 internal circuit bias power and gate drivers
from the converter output voltage. This LDO is enabled
when the voltage on the EXTVDD pin is above 4.6V (typ-
ical), and at the same time, the main LDO which operates
from V| is disabled to reduce power consumption.

© 2020 Microchip Technology Inc.
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5.0 APPLICATION INFORMATION

5.1 Setting the Switching Frequency

The MIC28517 is an adjustable frequency,
synchronous buck regulator that features an adaptive
on-time control architecture. The switching frequency
can be adjusted between 270 kHz and 800 kHz by
changing the resistor divider network, consisting of Ry
and Ry.

Equation 5-1 gives the estimated switching frequency.

EQUATION 5-1:

R
Jswpyy = Jo ij TR,

Where:

fo = Switching Frequency when Ry is 100 kQ
and R is Open; fq is typically 800 kHz.

5.2 Setting the Soft Start Time

The output soft start time can be set by connecting a
capacitor from SS to AGND.

The value of the capacitor can be calculated using
Equation 5-2.

EQUATION 5-2:
Igg xtss
C = e
58 VrEF
Where:
Cgg = Capacitor from SS Pin to AGND

Internal Soft Start Current
(1.4 pA, typical)

tgs = Output Soft Start Time
0.6V

Iss

VrEF

5.3 Setting the Output Voltage

The MIC28517 requires two resistors to set the output
voltage, as shown in Figure 5-1.

/ /
R1
g, AMP 4 FB
V7 R,
g N
VREF
/
FIGURE 5-1: Voltage Divider Configuration.

The output voltage is determined by Equation 5-3:
EQUATION 5-3:

Vo =V, (1 ul
= + =
0 FB X R)

Where:
VFB = 0.6V

A typical value of R4 can be between 3 kQ and 10 kQ.
If R4 is too large, it may allow noise to be introduced
into the voltage feedback loop. If R is too small, it
decreases the efficiency of the power supply,
especially at light loads. Once R is selected, R, can be
calculated using Equation 5-4.

EQUATION 5-4:

Vin XR
R, = 871
VOUT_ VFB

5.4 Setting the Current Limit

The Source Current Limit (I ) is timmed at the factory
to achieve a higher current limit accuracy with
RcL = 3.18 kQ, as specified in the Electrical Characteris-
tics table. It is possible to adjust other current limits by
changing the R¢_ value using Equation 5-5.

EQUATION 5-5:

Al
(PP)
([LIM + ) XRpscon
R =

CL [CL

Where:
I; e = Load Current Limit

Rpsiony = On-Resistance of the Low-Side MOSFET

(18 mQ, typical)
Al pp) = Inductor Ripple Current

I = Current Limit Source Current
(96 YA, typical)

© 2020 Microchip Technology Inc.
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5.5 Inductor Selection

Values for inductance, peak and RMS currents are
required to select the inductor. The input voltage, output
voltage, switching frequency and the inductance value
determine the peak-to-peak inductor ripple current. Gen-
erally, higher inductance values are used with higher
input voltages. Larger peak-to-peak ripple currents
increase the power dissipation in the inductor and
MOSFETs. Larger output ripple currents also require
more output capacitance to smooth out the larger ripple
current. Smaller peak-to-peak ripple currents require a
larger inductance value, and therefore, a larger and
more expensive inductor. A good compromise between
size, loss and cost is to set the inductor ripple current to
be equal to 20% of the maximum output current. The
inductance value is calculated by Equation 5-6.

EQUATION 5-6:

Vour x( Vinauaxy= Vo ur)

L =
Vinax Xfsy x20% Xlour(vax
Where:
few = Switching Frequency
20% = Ratio of AC Ripple Current to DC

Output Current

Vinmaxy = Maximum Power Stage Input Voltage

For a selected inductor, the peak-to-peak inductor
current ripple is:

EQUATION 5-7:

Vour *(Vin=Your)
VIN XfSW xL

Alpppy =

The peak inductor current is equal to the average out-
put current plus one-half of the peak-to-peak inductor
current ripple.

EQUATION 5-8:

Iripxy = lour + 0.3 x Al pp)

The RMS inductor current is used to calculate the 12R
losses in the inductor.

EQUATION 5-9:

I 2 AIL(PP)
our 12

I; (rus)

Maximizing efficiency requires the proper selection of
core material while minimizing the winding resistance.
The high-frequency operation of the MIC28517 requires
the use of ferrite materials for all but the most
cost-sensitive applications. Lower cost iron powder
cores may be used, but the increase in core loss will
reduce the efficiency of the power supply. This is
especially noticeable at low output power. The winding
resistance decreases efficiency at the higher output cur-
rent levels. The winding resistance must be minimized,
although this usually comes at the expense of a larger
inductor. The power dissipated in the inductor is equal to
the sum of the core and copper losses. At higher output
loads, the core losses are usually insignificant and can
be ignored. At lower output currents, the core losses can
be significant. Core loss information is usually available
from the magnetics vendor. Copper loss in the inductor
is calculated by Equation 5-10.

EQUATION 5-10:

2
Pivpucrorccvy = Iurmsy X Rwinpive

The resistance of the copper wire, Ryynping increases
with the temperature. The value of the winding resistance
used should be at the operating temperature.

EQUATION 5-11:

Ryinpivean
= Ryinpivgocy X (1 +0.004 x (T = Thyc))

Where:

Ty = Temperature of Wire Underload

Ty9c = Ambient Temperature

RW[ND[NG(ZOC) = Room Temperature Winding
Resistance (usually specified by
the manufacturer)

5.6 Output Capacitor Selection

The type of the output capacitor is usually determined by
its Equivalent Series Resistance (ESR). Voltage and
RMS current capability are two other important factors
for selecting the output capacitor. Recommended
capacitor types are ceramic, low-ESR aluminum
electrolytic, OS-CON and POSCAP. The output capaci-
tor's ESR is usually the main cause of the output ripple.
The output capacitor ESR also affects the control loop
from a stability point of view. The maximum value of the
ESR is calculated using Equation 5-12.

EQUATION 5-12:

AV
ESR < OUT(PP)
Cour Al pp)

Where:
AVourpp) = Peak-to-Peak Output Voltage Ripple

Al ;pp) = Peak-to-Peak Inductor Current Ripple
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The total output ripple is a combination of the ESR and
output capacitance. The total ripple is calculated in
Equation 5-13.

EQUATION 5-13:
AVourpp)
Al 2
_ (PP) 2
B /\/(COUT XfSW X8) * (AIL(PP) XESRC()L’)
Where:
Cour = Output Capacitance Value

fsw = Switching Frequency

As described in Section 4.1 “Theory of Operation”,
the MIC28517 requires at least 20 mV peak-to-peak
ripple at the FB pin to make the g,, amplifier and the
error comparator behave properly. Also, the output volt-
age ripple should be in phase with the inductor current.
Therefore, the output voltage ripple caused by the
output capacitors’ value should be much smaller than
the ripple caused by the output capacitor ESR. If
low-ESR capacitors, such as ceramic capacitors, are
selected as the output capacitors, a ripple injection
method should be applied to provide enough feedback
voltage ripple. Refer to Section 5.8 “Ripple Injection”
for details.

The voltage rating of the capacitor should be 20%
greater for aluminum electrolytic or OS-CON. The
output capacitor RMS current is calculated in
Equation 5-14.

EQUATION 5-14:

_ A]L(PP)

[CO UT(RMS) JTQ

The power dissipated in the output capacitor is:

EQUATION 5-15:

2
Ppissccoury = Lcourrms)y XESRcour

5.7 Input Capacitor Selection

The input capacitor for the power stage input, V|,
should be selected for ripple current rating and voltage
rating. Tantalum input capacitors may fail when sub-
jected to high inrush currents caused by turning on the
input supply. A tantalum input capacitor’s voltage rating
should be at least two times the maximum input voltage
to maximize reliability. Aluminum electrolytic, OS-CON
and multilayer polymer film capacitors can handle the
higher inrush currents without voltage derating. The
input voltage ripple will primarily depend on the input
capacitor's ESR. The peak input current is equal to the
peak inductor current, so:

EQUATION 5-16:

Ay = Irpiy X Cesr

The input capacitor must be rated for the input current
ripple. The RMS value of the input capacitor current is
determined at the maximum output current. Assuming
the peak-to-peak inductor current ripple is low:

EQUATION 5-17:

Lemvrms) = Louraxy X VD x (1 -D)

The power dissipated in the input capacitor is:

EQUATION 5-18:

2
Ppissccivy = Leivirms)y < Cesr

© 2020 Microchip Technology Inc.
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5.8 Ripple Injection

The Vg ripple required for proper operation of the
MIC28517 g,, amplifier and comparator is 20 mV to
100 mV. However, the output voltage ripple is generally
designed as 1% to 2% of the output voltage. For low
output voltages, such as 1V, the output voltage ripple is
only 10 mV to 20 mV and the feedback voltage ripple is
less than 20 mV. If the feedback voltage ripple is so
small that the g,, amplifier and comparator cannot
sense it, then the MIC28517 loses control and the out-
put voltage is not regulated. In order to have sufficient
Vg ripple, a ripple injection method should be applied
for low output voltage ripple applications.

The applications are divided into three situations
according to the amount of the feedback voltage ripple:

1. Enough ripple at the feedback voltage due to the
large ESR of the output capacitors (Figure 5-2).
The converter is stable without any ripple

With the feed-forward capacitor, the feedback
voltage ripple is very close to the output voltage
ripple.

EQUATION 5-20:

AVEppp) = ESRcour x Al pp)

3. Virtually no ripple at the FB pin voltage due to
the very low ESR of the output capacitors.
In this situation, the output voltage ripple is less
than 20 mV. Therefore, additional ripple is
injected into the FB pin from the Switching
Node, SW, via a resistor, R\, and a capacitor,
Ciny> @s shown in Figure 5-4.

(@]

J_

MIC28517

mﬁ

[ °

<

GD—W—D—W\«-"

injection.
[SW
MIC28517 | B %
1 °
FIGURE 5-2: Enough Ripple at FB.

The feedback voltage ripple is:
EQUATION 5-19:

R,
AVFB(PP) = m XESRCOUTXAIL(PP)

Where:
Al pp) = Peak-to-Peak Value of the Inductor

Current Ripple

2. Inadequate ripple at the feedback voltage due to
the small ESR of the output capacitors.

In this situation, the output voltage ripple is fed into
the FB pin through a Feed-Forward Capacitor, Cg,
as shown in Figure 5-3. The typical Cg value is
between 1 nF and 22 nF.

[SW__~~v

J_COT

MIC28517| FR

O

cb—AN\,—o—A/W—u
IJ

<~

FIGURE 5-3: Inadequate Ripple at FB.

FIGURE 5-4: Invisible Ripple at FB.
The injected ripple is:

EQUATION 5-21:

AVFB(PP) = VyxKpyxD x(1-D) x

fSW XT
Where:
Vv = Power Stage Input Voltage
D = Duty Cycle

few = Switching Frequency
¢ = (R4/IRIIRNy) X C

EQUATION 5-22:

K.~ __Ri/R2
DIV Ry, T RI/R2

In Equation 5-21 and Equation 5-22, it is assumed that
the time constant associated with Ci must be much
greater than the switching period:

EQUATION 5-23:
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If the voltage divider resistors, R1 and R2, are in the kQ
range, a Cg of 1 nF to 22 nF can easily satisfy the large
time constant requirements. Also, a 100 nF Injection
Capacitor, Cjyy, is used in order to be considered as
short for a wide range of the frequencies.

The process of sizing the ripple injection resistor and
capacitors is as follows.

1. Select Cxto feed all output ripples into the Feed-
back pin and make sure the large time constant
assumption is satisfied. A typical choice for Cg is
1 nF to 22 nF if R4y and R, are in the kQ range.

2. Select Ry according to the expected feedback
voltage ripple using Equation 5-24:

EQUATION 5-24:

_ Wrper) . TswxT
Vv Dx(I-D)

KDIV

Then, the value of R is obtained as:

EQUATION 5-25:

_ 1 )
Ryy; = (RI//R2) x(m—z

3. Select Cjyy as 100 nF, which could be considered
as short for a wide range of the frequencies.

5.9 Thermal Measurements

Measuring the IC’s case temperature is recommended
to ensure it is within its operating limits. Although this
might seem like a very elementary task, it is easy to get
erroneous results. The most common mistake is to use
the standard thermocouple that comes with a thermal
meter. This thermocouple wire gauge is large, typically
22 gauge, and behaves like a heat sink, resulting in a
lower case measurement.

EQUATION 5-26:

Two methods of temperature measurement are using a
smaller thermocouple wire or an infrared thermometer.
If a thermocouple wire is used, it must be constructed
of 36 gauge wire or higher (smaller wire size) to
minimize the wire heat sinking effect. In addition, the
thermocouple tip must be covered in either thermal
grease or thermal glue to make sure that the thermo-
couple junction is making good contact with the case of
the IC.

Wherever possible, an infrared thermometer is recom-
mended. An optional stand makes it easy to hold the
beam on the IC for long periods of time.

5.10 Output Current Thermal Derating
with SOA at High Input Voltage

For the MIC28517, at V| =70V, Vout = 5V, Tp = +25°C,
the Maximum Output Current, loytvax). is about 7.2A,
since the loyT(vax) Starts derating to less than 8A at Ty
around +15°C. The IoyT(uax) further reduces as the
ambient temperature increases. When the output
current derating starts, the loyrgmax) is inversely
proportional to the device package thermal resistance,
6,4, and the output voltage, Voyr, and is directly pro-
portional to the factor, n/(1-n), where n is the converter
efficiency. The derate starting ambient temperature
depends on the device’s Maximum Operating Junction
Temperature, Tjpax), the Maximum Output Current,
louT(max). Without derating (which is the desired Maxi-
mum Output Current Limit, Ig ), the Output Voltage,
VouT the device package thermal resistance, 05, and
the factor, (1-n)/M.

The maximum output current of the MIC28517, with the
device at the Maximum Junction Temperature, T max),
operating over the Ambient Temperature, T, range,
can be estimated by Equation 5-26.

I = |-l xr
OMAX(TIMAX) ~ o, 14

Where:

T, = Ambient Temperature
Vour = Output Voltage
Ppy = Inductor Power Dissipation due to DCR

T
| LMY p

6,4 = Device Package Thermal Resistance (+33.3°C/W) for the 6 mm x 6 mm 32-Lead VQFN
n = Buck Converter Efficiency for 5V Vg, about 78% at V| = 70V, 85% at V\ = 48V, 88% at V|\ = 36V
Tjmaxy = Device Maximum Operating Junction Temperature, +125°C

D(L)D X(W)
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The inductor power dissipation due to DCR in the above
equation can be approximated by Equation 5-27.

EQUATION 5-27:

2

IOUT xDCR

Ppay) ~
Where:

Ioyr = Output Current

DCR Power Inductor DC Resistance

Since the maximum output current without thermal
derating in the SOA curve is equal to the desired Out-
put Current Limit, Ig i, the maximum output current in
the SOA curve can be defined by Equation 5-28.

EQUATION 5-28:

; - {ICLIM Jor Ty =T g
oUTMAX) =
MAY opaxamaxy 7 Ta2Typs)
Where:
Ici e = Desired Output Current Limit

Typs) = Derate starting Ambient Temperature

The derate starting ambient temperature can be
predicted by Equation 5-29.

EQUATION 5-29:

X—I_ m_p
n

Tyos) = Trmax)~ (’ cein*Vour D(L ))j x014

If the loyT(max) starts derating at an ambient tempera-
ture less than the user’s actual Maximum Operating
Ambient Temperature, Tawax,or) the loutmax) at
Tamax,op) in the SOA curve is less than the desired
Output Current Limit, I . Then, the desired Output
Current Limit, Iy, Needs to be reduced to avoid the
actual operating output current being out of the SOA
curve boundary and to ensure safe operation. The
output current limit in such condition can be estimated
by Equation 5-30.

EQUATION 5-30:

T -7
lepm € J(MAX)~ "A(MAX,OP) | . L)} X[ 7 }
01y (1 Vour>{d-m
Where:

Tymax.op) = User's Actual Maximum Operating
Ambient Temperature

Tymax) = Device Maximum Operating
Junction Temperature, +125°C
6,4 = Device Package Thermal

Resistance (+33.3°C/W) for the
6 mm x 6 mm 32-Lead VQFN
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6.0 PCB LAYOUT GUIDELINES

PCB layout is critical to achieve reliable, stable and
efficient performance. A ground plane is required to
control EMI and minimize the inductance in power,
signal and return paths. The thickness of the copper
planes is also important in terms of dissipating heat.
The 2 oz. copper thickness is adequate from a thermal
point of view and a thick copper plane helps in terms of
noise immunity. Keep in mind, thinner planes can be
easily penetrated by noise. The following guidelines
should be followed to ensure proper operation of the
MIC28517 converter.

6.1 IC

* The 2.2 yF ceramic capacitor, which is connected
to the Vpp pin, must be located right at the IC.
The Vpp pin is very noise-sensitive and place-
ment of the capacitor is very critical. Use wide
traces to connect to the Vpp pin.

» The Signal Ground (SGND) pin must be con-
nected directly to the ground planes. The SGND
and PGND connection should be done at a single
point near the IC. Do not route the SGND pin to
the PGND pad on the top layer.

« Use thick traces to route the input and output
power lines.

6.2 Input Capacitor

* Place the input capacitor next to the power pins.

» Place the input capacitors on the same side of the
board and as close to the IC as possible.

» Keep both the PV |y pin and PGND connections
short.

» Place several vias to the ground plane, close to
the input capacitor ground terminal.

* Use either X7R or X5R dielectric input capacitors.
Do not use Y5V or Z5U-type capacitors.

« If a tantalum input capacitor is placed in parallel
with the input capacitor, it must be recommended
for switching regulator applications and the
operating voltage must be derated by 50%.

 In hot-plug applications, a tantalum or electrolytic
bypass capacitor must be used to limit the over-
voltage spike seen on the input supply when
power is suddenly applied.

6.3 Inductor

» Keep the inductor connection to the Switch Node

(SW) short.

» Do not route any digital lines underneath or close

to the inductor.

» Keep the Switch Node (SW) away from the

Feedback (FB) pin.

6.4 Output Capacitor

» Use a wide trace to connect the output capacitor

ground terminal to the input capacitor ground
terminal.

Phase margin will change as the output capacitor
value and ESR changes. Contact the factory if the
output capacitor is different from what is shown in
the Bill of Materials (BOM).

The feedback trace should be separate from the
power trace and connected as close as possible
to the output capacitor. Sensing a long
high-current load trace can degrade the DC load
regulation.

© 2020 Microchip Technology Inc.
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7.0 PACKAGING INFORMATION

71 Package Marking Information

32-Lead VQFN (6x6 mm) Example

* *
XXXXXXXX MIC28517
XXXXXXXX 2010256
YYWWNNN

Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
Www Week code (week of January 1 is week ‘01’)
NNN  Alphanumeric traceability code
@ Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available charac-
ters for customer-specific information.
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32-Lead Very Thin Plastic Quad Flat, No Lead Package (PHA) - 6x6 mm Body [VQFN]
Wettable Flanks, Multiple Exposed Pads

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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32-Lead Very Thin Plastic Quad Flat, No Lead Package (PHA) - 6x6 mm Body [VQFN]
Wettable Flanks, Multiple Exposed Pads

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

R0.05
A ‘ A
=t b
0.064 —
R0125 — DETAIL 2 DETAIL 1

ROTATED 180°

=015 = ro.o45

—

7 T

SECTION A-A
Units MILLIMETERS
Dimension Limits|  MIN_ [ NOM | MAX

Number of Terminals N 32
Pitch e 0.65 BSC
Overall Height A 0.80 0.85 0.90
Standoff A1 0.00 0.02 0.05
Terminal Thickness A3 0.203 REF
Overall Length D 6.00 BSC
Overall Width E 6.00 BSC
Exposed Pad Length D2 4.70 4.80 4.90
Exposed Pad Width E2 2.215 2.315 2.415
Exposed Pad Length D3 1.985 2.085 2.185
Exposed Pad Width E3 2.545 2.645 2.745
Exposed Pad Length D4 2.240 2.340 2.440
Exposed Pad Length D5 0.595 0.695 0.795
Exposed Pad Width E5 1.895 1.995 2.095
Terminal Width b 0.25 0.30 0.35
Terminal Length L 0.30 0.40 0.50
Terminal-to-Exposed Pad K1 0.20 - -
Exposed Pad-to-Exposed Pad K2 0.20 0.26 -

Notes: Package Edge-to-Exposed Pad K3 0.18 - -

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated
3. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
Microchip Technology Drawing C04-1196C Sheet 2 of 2
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32-Lead Very Thin Plastic Quad Flat, No Lead Package (PHA) - 6x6 mm Body [VQFN]
Wettable Flanks, Multiple Exposed Pads

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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APPENDIX A: REVISION HISTORY

Revision A (March 2020)

+ Original release of this document.
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. _)l(_ — % XXX
Device  Media Type Temperature Package
Device: MIC28517: 70V/8A Hyper Speed Control® Synchronous
DC/DC Buck Regulator with External Mode Control

Media Type: T = 5000/Reel

Temperature: E = Extended Temperature Range

(-40°C to +125°C)
Package: PHA = 32-Lead, 6 mm x 6 mm VQFN

Examples:

a) MIC28517T-E/PHA: 70V/8A Synchronous DC/DC Buck
Regulator, 5000/Reel,
Extended Temperature Range,
32-Lead VQFN Package

© 2020 Microchip Technology Inc.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
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