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Datasheet

ISL73847M

Radiation Tolerant Single/Dual-Phase Current Mode PWM Controller

The ISL73847M is a synchronous buck controller that
can operate as a single or dual-phase controller. It
works with the ISL71441M (half-bridge GaN FET
driver) to generate point-of-load voltage rails for
commercial space applications.

Supporting an input voltage range of 4.5V to 19V, the
ISL73847M offers a programmable PWM switching
frequency from 250kHz to 1.5MHz, adjustable with a
single resistor. The output voltage is configurable
above 600mV, with the upper limit determined by the
minimum off-time and selected switching frequency.

The ISL73847M features built-in current sharing,
enabling two-phase operation within a single device
and four-phase operation using two ISL73847M
devices, all without requiring an external clock at
<1.04MHz. For multi-phase operation at other
frequencies, the ISL74420 provides additional
scalability, making it a flexible solution for multi-phase
power architectures.

Its wide input voltage range makes it ideal for
high-current FPGA core power and general-purpose
power applications. The current mode modulation
architecture simplifies loop compensation, enhances
power supply rejection, and supports remote sensing
to compensate for voltage drops under load. These
features deliver a high-density, robust power solution
that minimizes external components while ensuring
efficient and reliable performance.

The ISL73847M operates across the military
temperature range from -55°C to +125°C and is
available in a 24 Ld WSOIC plastic package.
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Figure 1. FPGA Core Power Supply Application

Features

= Qualified to Renesas Rad Tolerant Screening and
QCI Flow (R34TB0O004EU)

= Wide operating voltage range:
* Input: 4.5V to 19V
* Output: 0.6V to

Vewr_sTace*((Tsw-120ns)/Tsy)
= Programmable PWM output switching frequency

» 250kHz to 1.5MHz
= Optional Droop regulation
= Current mode control provides
+ Excellent power supply rejection
» Simplified control scheme
= Output differential remote sensing
= Programmable soft-start
= Enable control
= Power-good Indicator

= TID radiation lot acceptance testing
(LDR: =0.01rad(Si)/s)

+ ISL73847M30BZ: 30krad(Si)
+ ISL73847M50BZ: 50krad(Si)
= SEE characterization
 No DSEE with Vpp = 25V and 43MeVscm?2/mg
+ SEFI <3um? at 43MeVscm?/mg
« SET <2% on VgyT at 43MeV+cm2/mg

Applications
= FPGA Core Power Supply
= General Purpose Power Supply
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Overview

1.

Typical Application Diagrams

1.1

4dog9 2

i

VS0

7
AWAWg =vSoy

=vsoy

G

+84A

— Nﬁ ! m
Wcr.om l VY004
Janug D.

6
Uz yrigzo SPPUEIEH H H LNMd

Eult
- 4 4doL=
Hu — daAa

H 14
vA66Y

NIAd

L
LT

4rigeg

¥oeqpaa abe)jo/ sjoway H
ELlS

>0eqpaa4 Jualngy Aﬁ

Figure 3. Typical Application (Single Phase) using One ISL71441M Half-Bridge Driver
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Figure 4. Typical Application (Dual-Phase) using Two ISL71441M Half-Bridge Drivers
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1.2 Functional Block Diagram
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Figure 5. Block Diagram
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2. Pin Information

21 Pin Assignments

voD [ | | 1 24 [ ] ] pwm1
SYNCI [ | 2 23 [ T ]EN
SYNC-O[| | 3 22 [ [ ]ISENt+
vec[ [ | 4 21 [ ] ] ISEN1-
vec[ [ |5 20 [ T ]GND
Fs[ [ | s 19 | [ ] sLope
ss[[ |7 18 || |FLT
covP[ ] | 8 17 | ] ] IMON
VREF[ ] | 9 16 || ] ISEN2-
DROOP [ [ | 10 15 [ | | ISEN2+
vFB-[ [ | 1 14 [ ]PG
VFB+ [ [ | 12 13 [ ] pwm2

Figure 6. Pin Assignments - 24 Ld WSOIC Top View

2.2 Pin Descriptions

Pin Pin ESD Description
Number Name Circuit p
1 VDD 1 The power supply input to the IC. The voltage range on this pin is 4.5V to 19V. Connect a
2.2yF or larger capacitor and a 100nF capacitor from the VDD pin to GND.
This pin is an input that accepts 2x the required PWM output switching frequency (regardless
5 SYNC-| 5 of single or dual phase). Internally the IC divides the clock down to get two clocks 180° from

each other for each phase.
Note: This pin has an internal pull down, leave it floating if SYNC function is not needed.

This pin can output either 1x or 2x the PWM output switching frequency depending on the
loading present on the pin during power up (before soft-start). When outputting 1x, the
SYNC-O is 180° out of phase with phase 1 clock. The 2x SYNC-O output is in phase with the
3 SYNC-O 2

SYNC-I.
100kQ to VCC: SYNC-O outputs 1x PWM output switching frequency.

100kQ to GND: SYNC-O outputs 2x PWM output switching frequency.

Output of internal LDO for analog circuity. Short pins 4 and 5 together. Connect a 1uF ceramic

4.5 vee 2 capacitor from VCC to GND.
This pin sets the frequency for the internal oscillator between 0.5MHz and 3MHz. This sets
the output between 0.25 MHz and 1.5MHz for each phase.
When FS is tied to VCC the internal oscillator frequency (fogc) is 1MHz. To adjust the internal
6 Fs 9 oscillator frequency between 0.5MHz and 3MHz (0.25MHz to 1.5MHz PWM switching

frequency), use a resistor between FS and GND. If SYNC-I is being used to sync to an
external clock, FS needs to be set such that the internal oscillator frequency is 15% less than
the external frequency.

Use Equation 3 to find which resistor is needed for a given frequency.

This is the soft-start pin. Connect a ceramic capacitor from SS to GND to set the soft-start
7 SS 2 ramp. The soft-start time is adjustable between 2ms and 200ms. Equation 24 shows the
relationship between the soft-start capacitor and soft-start time.

The output of the error amplifier. Connect a resistor and capacitor in series to ground for type
8 COMP 2 2 compensation adjustment. For type-3 compensation, add an additional capacitor in parallel
with the type-2 series RC components.
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Pin Pin ESD Description
Number Name Circuit escriptio

9 VREF 2 The output of the internal voltage reference. Insert a resistor between VREF and DROOP to
enable droop regulation. Short VREF and DROOP pin together to disable droop regulation.
This pin is a current mirrored version of the output of the current sense amp output (sum of

10 DROOP 2 both phases). This output can be tied to the VREF pin through a resistor to enable droop
regulation. The voltage created by the mirrored current and the resistor between VREF and
DROORP sets the droop level.

11 VFB- 3 This pin is the negative input for differential voltage feedback.

12 VFB+ 5 This pin is the positive input for differential voltage feedback.

13 PWM2 2 This pin is the PWM output for the secondary phase. This pin needs a 100kQ to GND.
This pin is the power good indicator. It is an open-drain output. Limit the sink current through

14 PG 1 L
this pin to below 7.2mA.

15 ISEN2+ 4 This pin is the positive input for the secondary phase current sense amplifier.

16 ISEN2- 1 This pin is the negative input for the secondary phase current sense amplifier.

17 IMON 2 This pin outputs the summed average of the current sense amplifiers outputs for telemetry

purposes.

This pin sequences the startup between the ISL73847M and compatible drivers. On the
ISL73847M, this pin operates as a bi-directional I/O during power up (before soft-start) and as
an input while switching (during and after soft-start).

18 FLT 2 This pin's input threshold voltage is VeTmip- A logic low on this pin indicates that either the

ISL73847M or compatible driver has encountered a fault or is not ready to start switching. A
logic high indicates that there are not faults for either device. Because FLTis an open-drain
output, use a 4.99kQ typical pull-up resistor to VCC for a proper high level.

This pin adjusts the slope compensation of the ISL73847M. Place a resistor in the range of

19 SLOPE 2 25kQ to 100kQ to adjust slope compensation.
20 GND N/A This is the ground reference for the ISL73847M.
21 ISEN1- 1 This pin is the negative input for the primary phase current sense amplifier.
22 ISEN1+ 4 This pin is the positive input for the primary phase current sense amplifier.
23 EN 1 This pin is the chip enable for the ISL73847M.
24 PWM1 2 This pin is the PWM output for the primary phase. This pin needs a 100kQ to GND.

{1 Package Pin ——1{1 Package Pin Package Pin

L/

A ’A 24V Clamp F* 8V Clamp 7'y

1 GND L [1GND

Circuit 1 Circuit 2
A 4 A /_AJ 8V Clamp
\—EI ISEN- L [ VFBN
Circuit 4 o Circuit 5
ESD Circuits
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ISL73847M Datasheet

3. Specifications

3.1 Absolute Maximum Ratings

Caution: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such
conditions can adversely impact product reliability and result in failures not covered by warranty.

Parameter Minimum Maximum Unit
VDD, ISENSx, EN, PG GND - 0.3 GND + 20 \Y
ISENSxI1I2] GND - 0.3 GND + 12 \Y%
VCC GND - 0.3 6.5 \Y
vccltl GND - 0.3 6.5 \Y
VREF, DROOP, VFBx, FS, COMP, SLOPE, FLT, IMON GND - 0.3 VCC +0.3 \Y
PWMx, SYNC-I, SYNC-O GND - 0.3 VCC +0.3 \Y

Differential Voltage Across Current Sense Inputs

-0.3 +0.3 \%
V(ISENx+) - V(ISENx-)I3]
Maximum Junction Temperature - +150 °C
Maximum Storage Temperature Range -65 +150 °C
Human Body Model (Tested per MIL-STD-883 TM3015.7) - 2 kV
Charged Device Model (Tested per JS-002-2022) - 750 \%
Latch-Up (Tested per JESD78E; Class 2, Level A) - +100 mA
1. Tested under a heavy ion environment.
2. No SEFI seen <10V at LET 43MeV+cm?2/mg.
3. Maximum current through anti-parallel diodes should be <10mA.
3.2 Recommended Operating Conditions
Parameter Minimum Maximum Unit
VDD, EN, PG GND +4.5 GND +19.0 \%
ISENx Common Mode Range GND - 0.3 19 \%
Differential Voltage Across Current Sense Inputs
V(ISENx+) - V(ISENx-) 7S 100 mv
PWM Output Switching Frequency 0.25 15 MHz
PVINx((Tgw-
Regulated Output Voltage 0.6 120n8)/Tay) \%
Ambient Temperature -55 125 °C
R34DS0028EU0107 Rev.1.07 Page 9
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ISL73847M Datasheet

3.3 Outgas Testing
Specification (Tested per ASTM E595, 1.5) Value Unit
Total Mass Loss!'] 0.05 %
Collected Volatile Condensible Materiall'] 0.01 %
Water Vapor Recovered 0.01 %
1. Outgassing results meet NASA requirements of total mass loss <1% and collected volatile condensible material <0.1%.
3.4 Thermal Specifications
Parameter Package Symbol Conditions Typical Unit
Value
8l Junction to ambient. 39
Thermal Resistance 24 Ld WSOIC °C/W
8,c™ Junction to case. 14

1. 0, is measured in free air with the component mounted on a high-effective thermal conductivity test board. See TB379.

2. For 6, the case temperature location is the center of the package top surface.

3.5

Electrical Specifications

Vpp = 4.5V & 19V, Cycc = 1uF and T = +25°C; unless otherwise specified. Boldface limits apply across the operating

temperature range, -55°C to +125°C by characterization with production testing at +25°C; over a total ionizing dose of
30krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL73847M30BZ only); or over a total ionizing dose of
50krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL73847M50BZ only).

Parameter Symbol Test Conditions Min | Typ[!l | Max Unit
Input Power Supply
Supply Voltage Range Vpp - 4.5 19
Rising VDD UvLO VDDUV(R) EN = VDD 4.05 4.2 4.4
FaIIlng VDD UvLO VDDUV(F) EN = VDD 3.85 4.0 4.1
VDD UVLO Hysteresis VDDUV(HYS) EN = VDD 150 220 300 mV
Operating Supply Vpp = 4.5V, 12V, 19V
Current 'obo EN = 3.3V, fgyy = 500kHz, C_=100pF 9 12 16 mA
Shutdown Supply _ _ )
Current Ibbsp Vpp = 4.5V, 12V, 19V, EN = GND 1 35 MA
Internal LDO

Vpp = 6.0V, 19V
Output Range VCC lout = 0MA, 20mA 4.7 5.0 5.3 \%
Dropout Voltage VCCpo Vpp = 4.5V, lgyt = 50mA 85 160 250 mV
Rising VCC UvLO VCCUV(R) EN = VDD 3.4 3.6 3.7
Falllng VCC UvLO VCCUV(F) EN = VDD 3.2 3.3 3.5
VCC UVLO Hysteresis VCCUV(HYS) EN = VDD 150 210 300 mV
V¢ Foldback Current lcc-sc Vpp =19V, Ve =0V, EN = 1.6V 40 72 90 mA
V¢ Overcurrent Limit lcc-cL Vpp =19V, Ve =4.3V, EN = 1.6V 75 98 130 mA
R34DS0028EU0107 Rev.1.07 Page 10
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Vpp = 4.5V & 19V, Cycc = 1uF and Tp = +25°C; unless otherwise specified. Boldface limits apply across the operating
temperature range, -55°C to +125°C by characterization with production testing at +25°C; over a total ionizing dose of
30krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL73847M30BZ only); or over a total ionizing dose of
50krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL73847M50BZ only). (Cont.)

Parameter Symbol Test Conditions Min | Typ[!l | Max Unit

Output Regulation

VREr = Vbroor

Vaen = Vegnp = 0mV, 50mV, Ty = -55°C 0.592 | 0.597 0.601

VRer = Vproop

Vagnt = Vagnp = 0mV, 50mV, Th = +25°C 0.598 | 0.600 | 0.602
Set Point Voltagel?! \Y - \

o rom TbTage e Vrer = Voroor 0.594 | 0.600 | 0.607

VSEN1 = VSENZ =0mV, 50mV, TA =+125°C

VRer = Vproop

VSEN1 . VSENZ b OmV, 50mV, TA =+25°C (POSt 0.592 0.600 0.604

Rad)
Set Point Accuracy VRrer = Vbroor
Over Line Deltal2I[3] Vres VSEN1 = VSEN2 = 0mV 12 0.2 0.8 mv
Set Point Accuracy VRrer = Vbroor
Over Load Deltal2],13] Vras Vsent = Vsenz = 0mV, 50mV 10 00 19 mv
FB+ Input Bias Current IFB+BIAS V(FB+) = 0.6V -50 -0.25 50 nA

. V(FB-) = 0V, EN>V |y enG
FB- Input Bias Current IFB- 30 121 350 A
P FB-BIAS Vsent = Vsenz = 0mV "

Soft-Start Sourcin
Curront 9 ISOFTSTART | - 9.2 10 | 105 bA
Soft-Start Pull-Down _
Resistance Rss.puLlon | EN =0V 4 11 18 Q
Protection Features
Peak Positive Current _
Limit Threshold VpcL Vem = 0.8V, 5.0V, 19V 67.5 75 82.5 mV
Peak Positive _
Overcurrent Threshold Vpoc Vewm = 0.6V, 5.0V, 19V 90 100 110 mV
Peak Negative _
Overcurrent Threshold VNoc Ve = 0.6V, 5.0V, 19V -84 71 -60 mV
Overvoltage Threshold V(FB, ov) Vpp = 4.5V and 19V 112 115 118 %
Undervoltage _
Threshold V(FB, uv) VDD =4.5V and 19V 82 85 88 %
FLT Drive current IFF Vpp = 4.5V and 19V, FLT = 400mV 20 50 75 mA
FLT Mid Threshold
Voltage VEFMID Vpp = 4.5V and 19V 1.6 2.08 2.55 \Y
= __ FLT = 4.5V when Vpp = 4.5V
FLT Leakage Current IETLkG FLT = 5V when Vpp = 19V -2 0.07 2 MA
Error Amplifier

Tp =-55°C 3 4.1 4.5

Tp =+25°C 3 3.57 4
Transconductance Im-EA mA/V

Tp =+125°C 25 3.04 3.5

T = +25°C (Post Rad) 3 3.6 4

R34DS0028EU0107 Rev.1.07 Page 11
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Vpp = 4.5V & 19V, Cycc = 1uF and Tp = +25°C; unless otherwise specified. Boldface limits apply across the operating
temperature range, -55°C to +125°C by characterization with production testing at +25°C; over a total ionizing dose of
30krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL73847M30BZ only); or over a total ionizing dose of
50krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL73847M50BZ only). (Cont.)
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Parameter Symbol Test Conditions Min | Typ[Yl | Max Unit
DC Gain AV—EA - 66 80 - dB
Gain-Bandwidth
Product GBWEgp - 15 - - MHz
Vpp = 4.5V 0.4 - 4.1
Output Voltage Range VCOMP(RNG) \%
Vpp = 19V 0.4 - 4.6
Output Slew Rate SRga - - 8.5 - Vius
Current-Sense Amplifier
V(ISEN'H ISEN—) =10mV, 50mV
Vem = 0.6V, 5.0V, 19V, Tp =-55°C 0.38 04 0.42
V(ISEN'H ISEN—) = 10mV, 50mV
Droop Vem = 0.6V, 5.0V, 19V, Ty = +25°C 0.38 04 0.42 yy
9Im(CSA, DRP HA/M
Transconductance m( ) V(Igen+ Isen.) = 10mV, 50mV 0.375 0.39 0.41
Vem = 0.6V, 5.0V, 19V, Ty = +125°C ' ’ '
V(ISEN+’ ISEN-) =10mV, 50mV
Vem = 0.6V, 5.0V, 19V, Ty = +25°C (Post Rad) 0.38 04 0.42
V(ISEN'H ISEN—) = 50mV, VCM = 06V, 50V, 19V,
Th = -55°C 16 18.7 24
V(ISEN+! LSEN_) =50mV, VCM =0.6V, 5.0V, 19V, 18.2 19.9 21.8
Tp=+25°C
Droop Current IprROOP MA
V(lsen+ Isen-) = 50mV, Ve = 0.6V, 5.0V, 19V,
Tp = +125°C 16 20.5 24
V(ISEN+’ ISEN-) = 50mV, VCM = OGV, 50V, 19V,
Tp = +25°C (Post Rad) 16 19.7 24
IMON V(ISEN'H ISEN—) = 10mV, 50mV
Transconductance 9m(CsA, IMON) Vem = 0.8V, 5.0V, 19V 0.36 0-39 0.47 WAV
Gain from CSA input to
PWM Comparator Acsa-PwWM V(Isen+s Isen.) = 50mV 7.5 8 8.5 mV/mV
input
V(lsgn+ - Isen-) = 0mV ) )
Vem = 0.6V, 5.0V, 19V, T, =-55°C 55 0.2 55
V(Isen+ - Isen-) = 0OmV i ]
Vem = 0.6V, 5.0V, 19V, Ty = +25°C 2 0.05 2
Offset Voltage Vos(csa) mV
V(Isen+ - Isen-) = OmV 7 015 7
Vem = 0.6V, 5.0V, 19V, Tp = +125°C ’
V(ISEN+ - ISEN-) =0mV -5 -0.13 5
Vem = 0.6V, 5.0V, 19V, Ty = +25°C (Post Rad) '
Positive Input Leakage _ _
Current I KG+(CsA) EN =0V, Vg = 0.6V, 5.0V, 19V -50 4 50 nA
Negative Input | EN =0V, Vgy = 0.6V - 1.55 200 nA
LKG-(CSA
Leakage Current ©SA TEN= 0V, Vigyy = 5.0V, 19V - 0325 | 1.0 HA
R34DS0028EU0107 Rev.1.07 Page 12




ISL73847M Datasheet

Vpp = 4.5V & 19V, Cycc = 1uF and Tp = +25°C; unless otherwise specified. Boldface limits apply across the operating

temperature range, -55°C to +125°C by characterization with production testing at +25°C; over a total ionizing dose of
30krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL73847M30BZ only); or over a total ionizing dose of
50krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL73847M50BZ only). (Cont.)

Parameter Symbol Test Conditions Min | Typ[!l | Max Unit
HS CSA Supply
Current per Phase | EN = 3.3V Vrus = 2.7V ) 3 A
(Current into ISENx- CSA ~h oM e H
pin)
Transition from Low _
Side to High Side Ves(TRAN) Vpp = 4.5V 1.95 213 235 \Y
Transition from Low _
Side to High Side Ves(TRAN) Vpp = 19V 2.25 2.37 25 \Y
Gain-Bandwidth
Product GBWcsa ) 10 - - MHz
Oscillator/Slope Generator
Default Oscillator _ _
Frequency fosc-p FS =Vce, Vpp = 4.5V, 19V 0.90 1.00 1.10 MHz
Rrs = 205kQ, EN = 3.3V,
foscosM | Re/y 0= 100kQ to GND 045 | 05 | 055
Res = 94.2kQ, EN = 3.3V,
fosc-1m B 0.90 1.00 1.10
Oscillator Frequency Rsync-0 = 100kQ to GND Mz
Range Res = 37kQ, EN = 3.3V,
FS ) -9V,
foscam Revnc.o = 100kQ to GND 1.80 | 2.00 | 220
Rgg = 16.7kQ, EN = 3.3V,
foscam | Rgyne.o = 100kQ to GND 270 | 3.00 | 330
Slope Pin Current ISLOPE VSLOPE =400mV, VDD =45V, 19V 11.2 12 12.6 A
Default Slope
Compensation VSLOPE_DFLT - 1.14 1.2 1.26 \Y,
Reference Voltage
Ramp Slope VRAMP—SLOPE fSW = 500kHz, VSLOPE =0.4Vv 0.065 0.098 0.150 V/HS
Enable
Rising Enable _
Threshold (Gross) ViHen-G FS=Vee 0.9 1.3 1.6 v
Falling Enable _
Threshold (Gross) ViLEn-c FS=Vee 0.6 1.0 1.2 v
Enable Threshold _
Hysteresis (GFOSS) VHYS—EN-G FS = VCC 200 350 500 mV
Rising Enable _
Threshold (Fine) VIH-EN-F FS =Vce 1.74 1.8 1.85 %
Falling Enable _
Threshold (Fine) V\L-EN-F FS =Vcc 1.46 1.5 1.54 \Y
Enable Threshold _
Hysteresis (Fine) VHYS-EN-F FS =Vcc 260 295 320 mV
EN Rising to Boot _
Refresh Delay tEN FS = VCC 1.9 2.3 2.8 ms
Pull-Down Resistance Ren EN =19V - 1 - MQ
EN Leakage EN Vpp = EN = 19V 20 120 250 nA
R34DS0028EU0107 Rev.1.07 e om" Page 13
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ISL73847M Datasheet

Vpp = 4.5V & 19V, Cycc = 1uF and Tp = +25°C; unless otherwise specified. Boldface limits apply across the operating

temperature range, -55°C to +125°C by characterization with production testing at +25°C; over a total ionizing dose of
30krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL73847M30BZ only); or over a total ionizing dose of
50krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL73847M50BZ only). (Cont.)

Parameter Symbol Test Conditions Min | Typ[!l | Max Unit
Power-Good
EN = 3.3V,
Overvoltage Error Voun 106 108 110 %
Threshold FB as a percent of Vgrgp
EN = 3.3V,
Overvoltage Error VouL 104 106 109 %
Threshold Recovery FB as a percent of Vgrep
EN = 3.3V,
Overvoltgge Error Voun 1.2 2 35 %
Hysteresis FB as a percent of Vrep
EN = 3.3V,
Undervoltage Error ViuL 90 92 95 %
Threshold FB as a percent of Viep
EN = 3.3V,
Undervoltage Error Vou 92 94 97 %
Threshold Recovery FB as a percent of VRgg
EN = 3.3V,
Undervolltage Error Vou 1.25 205 35 %
Hysteresis FB as a percent of Vrep
. VDD = 45V,
Sink Current IpG-sINK V(FB+, FB-) = Vpg = 0.4V, EN = OV 5 18 35 mA
VDD = 45V,
PG Leakage Peike | V(FB+, FB-) = 0.6V, Vpg = 19V, EN = OV - | 002 ] 08 HA
SS Voltage for PG to
be Active After Vss.pg V(SS) =0V to 1V. 0.82 0.9 0.98 \%
Power-Up
PG Reaction Time to
OV Fault tPG-PROP—OV V(FB+, FB-) =0.6Vto 0.7V 12 14.5 18 us
PG Reaction time to
UV Fault tPG-PROP—UV V(FB+, FB-) =0.6V to 0.5V 12 14.6 18 us
Hiccup Retry Delay tHic.oLy Css=10nF 1.8 2.7 3.8 ms
PWM Outputs
VDD = 45V, IPWM = -500|JA 4.0 - -
PWM Output High VoH \Y
VDD = 19V, IPWM = -SOOHA 4.5 - -
PWM Output Mid Voz Ipwm = £100pA 1.8 2.0 23
PWM Output Low VoL Ipwm = +500pA - 0.05 0.4
Turn-On Blanking Time tMINONBLK - 90 99 115 ns
Turn-Off Blanking Time tMINOFFBLK - 100 112 130 ns
Minimum Controllable
ON-Time tMlNCTRLON - 100 115 135 ns
Minimum Controllable
OFE-Time tMlNCTRLOFF - 100 116 135 ns
Passive Pull-Down Rpwm-PLDN - - 5 - MQ
Current Share between
Phase 1 & 2[4] IPHSHARE VCM = 06V, 5V, 19V, V(ISEN+1 ISEN-) =50mV - 8 - %
Boot Refresh Repeat
Timer tBOOT - 62 68 75 us
R34DS0028EU0107 Rev.1.07 Page 14
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ISL73847M Datasheet

Vpp = 4.5V & 19V, Cycc = 1uF and Tp = +25°C; unless otherwise specified. Boldface limits apply across the operating

temperature range, -55°C to +125°C by characterization with production testing at +25°C; over a total ionizing dose of
30krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL73847M30BZ only); or over a total ionizing dose of
50krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL73847M50BZ only). (Cont.)

Parameter Symbol Test Conditions Min | Typ[!l | Max Unit
SYNC
SYNC-I Input Voltage
ngh g VSYNCH - 1 7 - - V
SYNC-I Input Voltage
LOW VSYNCL - = = 0.8 V
SYNC-I Frequency
(Referred to Internal fsynci FOSC = 500kHz, Rgg = 205kQ 15 - - %
Oscillator)
SYNC-I Frequency
(Referred to Internal fsynel FOSC = 2MHz, Rgg = 37kQ 15 - - %
Oscillator)
SYNC-I Input Current lSYNC-lN VSYNC =5V 25 5 7.0 }JA
SYNC-I Pull-Down
Resistance Rsync-puLton | Vsyne =3V - 1 - MQ
SYNC-O Output y VDD =4.5V, lSYNC—O = -500|JA 4.2 - - v
f SYNC-OH

Voltage High Vpp = 19V, Igync.o = -500uA 4.6 - -
SYNC-O Output
Voltage Low Vsync-oL Isync-o = +500pA - - 0.4 v
SYNC-I to PWM2
Delay tsync-DEL | - - 260 - ns
SYNC-O to PWM2
Delay tsync-o-DEL | - - 20 - ns
gzgyc" to SYNC-0 tsyNe-DLY 50% of SYNC-I to 50% of SYNC-O 215 240 275 ns
SYNC-O to PWMH1 . o
Phase Shift tSYNCO-PWNH Phase shift from PWM1 178 180 184
PWM1 to PWM2 . o
Phase Shift tPWM1-PWM2 Phase shift from PWM1 to PWM2 174 180 186

1. Typical values are at 25°C and are not guaranteed.

2. This test is conducted in a closed loop circuit as shown in Figure 7 and includes the error amplifier offset.

3. This specification is included within the Set Point Voltage specification.

4. Limits established by characterization and/or design analysis and are not production tested.
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ISL73847M Datasheet

ISL73847x

Multimeter

10kQ nF

100nF gﬁ_

100Q

10kQ 600mV

Figure 7. Closed-Loop Circuit

4. Typical Performance Curves

Unless otherwise noted, Vot = 1V; Loyt = 220nH per phase, Coyt = 2.64mF per phase, Cproop = 56nF, Cyrgr = 100nF,
RDROOP =0Q, RFS = 942kQ, CSS = 22nF, CCOMP = 8.2nF, RCOMP = 422kQ, CPOLE = 330pF, CVCC= 1}JF, RSLP = 348kQ,

CsLp = 100pF, Ty = +25°C

1.005
+25°C
-55°C
1.000 195G
< 0.995
5
= 0.990
0.985
0.980
0 10 20 30 40 50

lLoap (A)

Figure 8. Load Regulation for Various Temperatures

(Vin=5V)
1.06 :
104 +25°C
-55°C
1.02 255G
S 1.00
5
5098 =
0.96 ]
0.94
0.92
0 10 20 30 40 50
ILOAD (A)

Figure 10. Droop Regulation for Various Temperatures
(Vin =5V, Rproop = 604Q)

1.005 ‘
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Figure 9. Load Regulation for Various Temperatures

(Vin =12V)
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-55°C
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Figure 11. Droop Regulation for Various Temperatures
(VlN = 12V, RDROOP = 6049)
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ISL73847M Datasheet

Unless otherwise noted, Voyt = 1V; Loyt = 220nH per phase, Coyt = 2.64mF per phase, Cproop = 56nF, Cyrgr = 100nF,
Rproop = 0Q, Rgs = 94.2kQ, Cgg = 22nF, Ccomp = 8.2nF, Reomp = 4.22kQ, Cpog = 330pF, Cycc= 1UF, Ry p = 34.8kQ,

CSLP = 100pF, TA =+25°C (Cont)
1.005

1.000

0.995

Vour (V)

0.990

0.985

0.980

11 13 15

Vin (V)

Figure 12. Line Regulation (I oap = 0A)
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Figure 13. Vger Accuracy for Various Temperatures
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Figure 15. Phase 1 Current Share vs Temperature
(Vin=5V)
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Figure 14. Vger Accuracy for Various Temperatures
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Figure 16. Phase 2 Current Share vs Temperature
(Vin=5V)
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ISL73847M Datasheet

Unless otherwise noted, Voyt = 1V; Loyt = 220nH per phase, Coyt = 2.64mF per phase, Cproop = 56nF, Cyrgr = 100nF,
Rproop = 0Q, Rgs = 94.2kQ, Cgg = 22nF, Ccomp = 8.2nF, Reomp = 4.22kQ, Cpog = 330pF, Cycc= 1UF, Ry p = 34.8kQ,

CSLP = 100pF, TA =+25°C (Cont)
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Figure 17. Phase 1 Current Share vs Temperature
(Vin=12V)
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Figure 18. Phase 2 Current Share vs Temperature
(Vin=12V)
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Figure 19. Conversion Efficiency for Various V|y
(fsw = 500kHz, Tested on the ISL73847MDEMO1Z)
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Figure 21. PWMx Frequency vs Temperature (V|y = 5V,
ILoap = 0A)
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Figure 20. Conversion Efficiency for Various V|y
(fsw = 250kHz, Tested on the ISL73847MDEMO12Z),
Loyt = 450nH per phase, Coyt = 5.28mF per phase,
Ccowmp = 15nF, Cproop = 100nF, Rgg = 205kQ
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Figure 22. PWMx Frequency vs Temperature (V|y = 5V,
ILoap = 50A)
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ISL73847M Datasheet

Unless otherwise noted, Voyt = 1V; Loyt = 220nH per phase, Coyt = 2.64mF per phase, Cproop = 56nF, Cyrgr = 100nF,
Rproop = 0Q, Rgs = 94.2kQ, Cgg = 22nF, Ccomp = 8.2nF, Reomp = 4.22kQ, Cpog = 330pF, Cycc= 1UF, Ry p = 34.8kQ,

CSLP = 100pF, TA =+25°C (Cont)

ILOAD 50A/Div

\
Vout 20mV/Div o
&f’ﬁw
f/‘
AVoyr=982mv 1/
__________________ /A0 SR N S S
@
100us/Div

Figure 23. Load Transient Response
(Pvin = Vpp =5V)

ILOAD 50A/Div
_________________________________________________________________ /r\
*\
Vout 20mV/Div N
s e i
/
AVOUT =098.2mV /
i Bt s S s R
100us/Div
Figure 25. Load Transient Response
(Pvin =Vpp = 12V)
CENSVDV =
VOUT 200mV/Div
s 1L1 10A/Div
IL2 10A/Div
 PWM1 5V/Div
PWM2 5V/Div
= FLT 5V/Div
h . S8S1VIDiv
1ms/Div

Figure 27. Start-Up with EN
(PVIN = Vpp = 4.62V, |, gap = 0A)

) ILOAD 50A/Div

100ps/Div

Figure 24. Load Transient Response
(Pvin = Vpp = 5V, Rproop = 604Q)

ILOAD 50A/Div

100us/Div

Figure 26. Load Transient Response
(Pvin = Vpp = 12V, Rproop = 604Q)
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_IL2 10A/Div
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Figure 28. Start-Up with EN
(PV|N = VDD = 462V, ILOAD =50A
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ISL73847M Datasheet

Unless otherwise noted, Voyt = 1V; Loyt = 220nH per phase, Coyt = 2.64mF per phase, Cproop = 56nF, Cyrgr = 100nF,
Rproop = 0Q, Rgs = 94.2kQ, Cgg = 22nF, Ccomp = 8.2nF, Reomp = 4.22kQ, Cpog = 330pF, Cycc= 1UF, Ry p = 34.8kQ,

CSLP = 100pF, TA =+25°C (Cont)
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Figure 29. Start-Up with EN
(Pyvin = Vpp =12V, I oap = 0A
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Figure 30. Start-Up with EN
(Pvin = Vpp =12V, I oap = 50A
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Figure 31. Start-Up with EN Figure 32. Start-Up with EN
(PVIN = VDD = 132V, ILOAD =0A (PV|N = VDD = 132V, ILOAD = 50A
~ EN5VDiv lak EN 5V/Div ] re
Vout 200mV/Div ‘ {
e e e e e e o+ - .

TR A R

IL1 10A/Div
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PWM?1 5V/Div
PWM2 5V/Div__
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Figure 33. Shutdown with EN
(Pvin =Vpp = 5V, ILoap = 0A)

1ms/Div

Figure 34. Shutdown with EN
(Pvin = Vpp =5V, I oap = 50A)
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ISL73847M Datasheet

Unless otherwise noted, Voyt = 1V; Loyt = 220nH per phase, Coyt = 2.64mF per phase, Cproop = 56nF, Cyrgr = 100nF,
Rproop = 0Q, Rgs = 94.2kQ, Cgg = 22nF, Ccomp = 8.2nF, Reomp = 4.22kQ, Cpog = 330pF, Cycc= 1UF, Ry p = 34.8kQ,

CSLP = 100pF, TA =+25°C (Cont)
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Figure 35. Shutdown with EN Figure 36. Shutdown with EN
(Pvin = Vpp =12V, I oap = 0A (Pvin = Vpp =12V, I oap = 50A
E,N,S,V/Div ) ) AP e EN75VV/DiV ) L P e
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Figure 37. Pre-Biased Start-Up
(VDD = 462V, PV|N = 12V, ILOAD = OA, Vpre-bias =900mV

24

~ PGOOD 5V/Div

N LR
N Coot

~ PGOOD 5V/Div

1ms/Div

Figure 38. Pre-Biased Start-Up
(PV|N = VDD = 12V, ILOAD = OA, Vpre-bias =900mV
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Figure 39. Overcurrent Protection (Py;y = 12V, Vpp = 5V) Figure 40. Overcurrent Protection (Py)y = Vpp = 12V)
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ISL73847M Datasheet

Unless otherwise noted, Voyt = 1V; Loyt = 220nH per phase, Coyt = 2.64mF per phase, Cproop = 56nF, Cyrgr = 100nF,
Rproop = 0Q, Rgs = 94.2kQ, Cgg = 22nF, Ccomp = 8.2nF, Reomp = 4.22kQ, Cpog = 330pF, Cycc= 1UF, Ry p = 34.8kQ,

CSLP = 100pF, TA =+25°C (Cont)
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Figure 41. Start-Up with a Short (Pyy = Vpp = 5V)

Figure 42. Start-Up with a Short (PV|N = VDD =12V)
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Figure 43. SYNC (Vpp = 5V, Py;y = 12V, RSYNC-O = 100kQ
to VCC, FSYNC-l = 1.15MHz)

Figure 44. SYNC (Vpp = 5V, Py;y = 12V, RSYNC-O = 100kQ
to GND, FSYNC-I= 1.15MHz)
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Figure 45. SYNC (Vpp = 12V, Py = 12V, RSYNC-O =
100kQ to VCC, FSYNC-I= 1.15MHz)

Figure 46. SYNC (Vpp = 12V, Py = 12V, RSYNC-O =
100kQ to GND, FSYNC-I= 1.15MHz)
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ISL73847M Datasheet

5. Operational Description

5.1 Dual Phase Operation

The ISL73847M can operate in single-phase or dual-phase mode. The part is configured to work in dual-phase
mode by default. To operate in single-phase mode, short the PWM output to VCC. Either PWM1 or PWM2 can be
chosen for single-phase operation if the other is shorted to VCC. The flexibility of using either output in
single-phase can help during layout, as it may be easier to route the current-sense feedback signals to one
channel or the other.

5.2 Oscillator and Clock Synchronization

The switching frequency of the controller is determined by a resistor to ground on the FS pin (Rgg). The

ISL73847M can operate with an oscillator frequency of 500kHz to 3MHz. If the FS pin is shorted to ground, the
ISL73847M reads this as a fault and stops switching.

5.21 External Synchronization (SYNC-I)

The ISL73847M has a SYNC-I pin that allows synchronizing it to an external clock. It is necessary to set the
internal oscillator to 15% less than the required frequency of the external oscillator to use this functionality,
ensuring that if the SYNC-I frequency stops at any point, the internal oscillator takes over and continues operating.
The allowable frequency range for the external clock is 588kHz to 3MHz. The SYNC-I frequency should be twice
the required PWM output switching frequency.

Note: The maximum SYNC-I frequency should not exceed the maximum oscillator frequency (3MHz).

5.2.2 Clock Output (SYNC-O)

The ISL73847M has a SYNC-O pin that can output either the oscillator frequency or the PWM output switching
frequency. Place a 100kQ resistor on the SYNC-O pin to ground to output the oscillator frequency. Place a 100kQ
resistor on the SYNC-O pin to VCC to output the PWM output switching frequency. The choice to use one or the
other depends on what is receiving the clock pulse. If the clock output is being used to synchronize another
ISL73847M, it expects a frequency twice the PWM switching frequency (load the pin with 100kQ to ground). Other
PWM regulators such as the ISL7000x family of parts, switch at the same frequency as the incoming frequency
(tie with 100kQ to VCC). When SYNC-O is unloaded, it is in phase with PWM2. During a fault condition, the
SYNC-O is asserted low.

5.2.3 Multi-Phase Operation

More phases can be added to the system by connecting multiple ISL73847M devices together in a single leader,
multi-follower configuration. To synchronize the two or more controllers external clocks can be supplied to the
SYNC-I inputs. The frequency of the clocks should be twice the target switching frequency. The phase relationship
between the clocks depends on the number of controllers being synchronized. Use Equation 1 to calculate the
recommended phase delay required between each SYNC-I clock depending on the number of controllers. The
total phase delay should add up to 360°.

_ 360
(EQ.1) Phaseldeg] Controllers

A simple way to synchronize a 4-phase design is to use the SYNC-O of the leader controller to drive the SYNC-I
of the follower controller as shown in Figure 47. The SYNC-O pin needs a 100kQ to GND to output twice the
switching frequency. Because the internal oscillator of the Follower must be set to 15% lower than the external
clock, the RFS and RSLOPE resistors are different from the Leader. For a 1MHz switching frequency, the typical
SYNC-I to SYNC-O delay of the leader controller creates the 180° phase delay required to drive the SYNC-I of the
follower controller directly. As shown, tie the DROOP pins together, tie all the VFB- pins together, and tie all the
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FLTb pins together. Tie the COMP pins of all controllers together and only install the compensation components
on the leader. Lastly, tie the FB+ pin on each follower to its own DROOP pin.
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Figure 47. Leader-Follower Configuration for 1MHz 4-Phase Operation
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Figure 48 is an oscilloscope capture where 93° phase separation is obtained between Phase 1 and Phase 3 by
driving the SYNC-I of the follower with the SYNC-O of the leader directly with no extra delay circuit.
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Figure 48. Using SYNC-O of Leader to drive SYNC-I of Follower Phase Shifting

P12---

For frequencies above 1MHz or phase counts over 4, an external delay circuit is required. This can be discreetly
placed between the leader's SYNC-O and the follower's SYNC-I (Figure 49) or more flexibly with a smaller
solution size using the 1ISL74420 (Figure 50).

Use Equation 2 to calculate the time delay from phase.

Phase

EQ.2) Delay = —Phase
(EQ.2) Y~ T20xtgm)

= Delay is the time delay in seconds.
= Phase is the phase delay in degrees.
= fgw is the target switching frequency in Hertz.

R34DS0028EU0107 Rev.1.07

e om" Page 25
Feb 11, 2026 inters;jl



ISL73847M Datasheet

VBUS

—
’—{»4»
[l

Half Bridge Driver

o

PH1(0°)

Current Feedback

Remote Voltage Feedback

vouT

1
I

Fs % 88! SLOPE

y—{t

PWM

Half Bridge Driver

vce FLTb
100k 1 1sL73041SEH
SYNC-O .
VFB- FLTb
VREF PWM1
ISEN1+
2ph PWM Controller ISEN1-
DROOP 15173847 (Leader)
VFB+ ISEN2+
comP ISEN2- VBUS
PWM2
' l
<
[l
FS ss: SLOPE
External l PWM PH2 (180°)
Phase Delay Half Bridge Driver
Circuit FLTb| ISL73041SEH
i
VvBUS
.
[ <
i
PWM PH3 (90°)
Half Bridge Driver
— FLTO 517304 1SEH
SYNC-I ]
VFB- FLTb
VREF PWM1
ISEN1+
2ph PWM Controller ISEN1-
DROOP 1SL73847 (Follower)
ISEN2+
VFB+
ISEN2- VBUS
comP
PWM2

H

PH4 (270°)

FLTb| 1SL73041SEH

1

Figure 49. Leader-Follower Configuration for 4-Phase Operation

Another way to synchronize multiple ISL73847M devices is to use the ISL74420. Figure 50 is an example of a 4-
phase using the ISL74420 to provide one clock to each controller. Both clocks are twice the converter switching
frequency and 180° out-of-phase with each other for ideal multi-phase interleaving.
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Figure 51 is an oscilloscope capture for a 4-phase, 1MHz, 5V to 0.8V, 100A reference design that uses the
ISL74420 to output two 2MHz clocks, 180° out-of-phase for synchronization.
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Figure 51. 4-Phase Clock Phase Shifting

5.3 Remote Sensing

The ISL73847M can provide differential remote sensing. This sensing allows for the power stage to reside close to
the point of load and has the controller further away to reduce the possibility of noise injection because of
switching noise from the power stage. In this configuration, the remote sensing also allows the ISL73847M to
compensate for any loss along the copper planes carrying large currents.

5.4 Droop Regulation

Droop regulation can minimize transient voltages on the regulated output during large load steps. It lowers the
output voltage as the load current increases, effectively increasing the DC output impedance for the power supply.

Droop regulation is tuned by adding a resistor between VREF and DROOP. The ISL73847M sinks a current on
DROOP that is proportional to the sum of the differential voltage across both current sense inputs. This current
through the resistor between VREF and DROOP changes the reference voltage presented to the error amplifier,
thereby changing the DC regulation point. The larger the resistor, the greater the variation in regulated voltage
with respect to the load current.

5.5 Peak Current Mode Control

The ISL73847M regulates peak current mode by presenting the current-sense signal directly to the PWM
comparator. The current-sense amplifier has a minimum bandwidth of 10MHz, allowing it to keep up with the ripple
current through the inductor. The PWM pulse is terminated when the current crosses the error amplifier output.

The ISL73847M has two identical peak mode control comparators, one for each set of PWM and ISEN pins. The
matching between these two comparators is important to consider when setting the overcurrent thresholds of the
part. The current sharing accuracy of the two phases is specified as the millivolts of offset between the phase's

actual current and what that current would ideally be. For example, if a 50A load is pulled from a 2-phase system,
ideally an average current of 25A per phase is achieved. With a 2mQ sense resistor, that corresponds to 50mV on
each pair of ISEN pins. A 4mV current sharing limit (Ilpysyarg) means that one phase might be as high as 54mV,

which corresponds to 27A of load current. The other phase must be 23A (or 46mV) to supply the 50A load.

5.6 Tri-State PWM Control

The ISL73847M features a tri-level PWM output with low-level, high-level, and mid-level voltage. The high-level
output turns on the high-side FET, while a low-level output turns on the low-side FET, and the mid-level output
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turns off both the high-side and low-side FETs. This state is helpful during fault conditions where you want to
protect any downstream devices and the power stage. Connect a 100kQ resistor on PWM1 and PWM2 to GND.

The ISL73847M works with drivers that accept a tri-level input, like the ISL71441M.

5.7 Boot Refresh

When the ISL73847M first powers up before soft-start, it issues a boot refresh command that consists of 32
mid-to-low transitions on the PWM output, allowing sufficient time for the boot capacitor to charge up. The
switching frequency determines the frequency of the boot refresh pulses and the pulse is equal to the minimum
on-time (tyNn on)- An appropriate boot capacitor value can be determined using the frequency and pulse widths.

Whenever the ISL73847M is tri-stated, it starts an analog timer that lasts 60us +60% (tolerance because of
process and part-to-part variation). Four additional boot refresh pulses are transmitted if the timer completes
before the next high-level signal to ensure the boot voltage is replenished. This would be the case in a pre-biased
startup, where there could be significant time between the boot refresh pulses and the first high-side signal.

5.8 Current Sense Amplifiers and Current Monitoring (IMON)

The ISL73847M uses 10MHz (minimum) transconductance amplifiers for each phase to continuously achieve
peak current control by sensing the inductor current. Current sensing can be accomplished using a shunt resistor
on the output side of the inductor or through inductor DCR sensing. Shunt sensing provides high precision
accuracy at the cost of power dissipation, while DCR current sensing has little power dissipation because of
indirectly senses the inductor current. Its drawbacks include reduced accuracy across the operating temperature
range and the inability to sense when an inductor is saturating; therefore, Renesas recommends using soft
saturation inductors.

The ISL73847M has an IMON pin that monitors the current through the power supply for telemetry purposes.
Connect a resistor from the IMON pin to GND. In this configuration, the IMON pin reflects the average of the
inductor ripple current. An additional capacitor in parallel with the resistor can improve averaging. The size of the
capacitor needed to average the current depends on the ripple seen on the IMON pin.

5.9 Adjustable Slope Compensation

The ISL73847M is a peak current mode controller prone to subharmonic oscillations when the duty cycle exceeds
50%. Adding a compensating ramp equal to the downslope of the inductor current can dampen any subharmonic
oscillation within one switching cycle. Renesas recommends using adequate slope compensation if the nominal
duty is under but close to 50%, as the duty cycle could cross 50% as the load increases. The slope compensation
depends on the SLOPE pin and the FS pin.

If slope compensation is insufficient, the converter can experience subharmonic oscillation that could result in
noise emissions at half the switching frequency. However, too much slope compensation can deteriorate the
phase margin; therefore, slope compensation must be carefully considered.

5.10 Pulse Skipping

The ISL73847M can skip pulses if the feedback indicates excessive minimum pulse width. One scenario where
this can arise would be during a load release when operating close to the minimum on-time. Pulse skipping
reduces the overshoot during the unloading in a transient step.

5.11 VDD and VCC Range

The ISL73847M has an internal LDO that provides the bias for all internal circuitry. The input of the LDO is VDD,
which accepts a range of 4.5V up to 19V. VCC is the output of the LDO, which regulates 5V. When VDD is
operating in the range of 4.5V to 5.0V, VCC tracks VDD minus the dropout.
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5.12 Enable

The ISL73847M features a 2-stage enable. When enable is at 1V (gross threshold), the internal circuitry is biased
(such as reference voltage, oscillator, and logic) but switching is disabled. When the voltage of EN crosses the
fine threshold, switching is enabled, and the IC attempts a boot refresh and soft-start. Because of filtering for
Single Event Effects (SEE), the EN logic state (high or low) must persist for at least 80us for the part to recognize
it and respond. The enable pin has a pull-down that disables the part if the pin is not actively driven.

5.13 Initialization and Startup

When the ISL73847M first powers up, it goes through several states before boot refresh and soft-start. After VDD
has crossed the rising UVLO threshold, the oscillator waits for 128 clock cycles at 500kHz before allowing the
digital core to enter its configuration state. The configuration state lasts 886 clock cycles at 500 kHz. When the
digital core completes its configuration, it signals the oscillator to switch to the frequency set by the FS pin or
SYNC-I. After an additional 128 clock cycles at the new frequency, boot refresh pulses commence, followed by
soft-start. Figure 52 and Figure 53 illustrate the start-up sequence.

EN
® © ©

128 Clocks 886 Clocks 128 Clocks
at 500kHz at 500kHz at New Frequency

Run State

FLT \

smco 1 ]

PWM1 1] 1]

PWM2 | 1] 1] w

Figure 52. Start-Up Timing Diagram (Rgync.o = OPEN)
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at 500kHz at 500kHz at New Frequency
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LT \

SYNC-O

PWM1
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Figure 53. Start-Up Timing Diagram (Rgync.o = 100kQ)

During states A and C in Figure 52 and Figure 53, the oscillator blanks the clock signal to the digital core.
Therefore, the oscillator has time to stabilize its frequency before entering the configuration state (B) or run state

(D).
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IMPORTANT: During states A and C, the digital core does not receive a clock; therefore, it cannot detect a rising
edge on EN. Instead, the EN signal must persist long enough so the digital core can read it during states B and D.
The ISL73847M reacts to a falling edge on EN regardless of the controller’s state.

5.14 Hiccup

Any time the ISL73847M encounters a fault, it enters hiccup mode. During hiccup mode, the controller waits for
one soft-start cycle before attempting to start switching again. If the fault has not cleared after the dummy soft-
start cycle has completed, the ISL73847M waits until it clears and starts the PWM output switching. This would be
the case if the fault that tripped was the driver pulling FLT low because of an over-temperature fault.

If an output short occurs, the part would hiccup, go through a dummy soft-start cycle, and attempt to start up
indefinitely until the output short is removed. In this case, as soon as the part starts switching, it would trip the
gross overcurrent threshold and go back to hiccup. When the output short is removed, normal operation resumes
after the configuration sequence, which is 886 clock cycles at 500kHz.

5.15 Fault Handling

5.15.1 Cycle-by-Cycle Current Limit
The current flowing through the inductor is monitored through the current-sense inputs using a sense resistor or
DCR sensing. When the input reaches the current limit threshold (Vp¢| ), the PWM pulse is terminated to limit the

peak current. A single cycle-by-cycle current limit event does not trigger a hiccup, but if there are four current limit
events in an eight-clock cycle window, the ISL73847M enters a hiccup.

5.15.2 Inductor Peak Overcurrent Protection
If the output current increases after triggering the cycle-by-cycle current limit, the ISL73847M has a second
overcurrent protection (Vpgc and Vo). If triggered, it drives the PWM outputs to mid-level (tri-state the power

stage) and enters a hiccup. If the initial fault persists or another fault occurs during the next soft-start, the cycle
repeats indefinitely and stays in hiccup. The overcurrent protection protects against both positive and negative
overcurrent conditions.

5.15.3 Overvoltage and Undervoltage Fault

The ISL73847M has overvoltage and undervoltage protection, which triggers when V(gg ov) or V(g uy) is
exceeded. If the Virg ov) Or V(rg, uv) levels are reached, the part enters a hiccup.

5.15.4 FLT Pin

The FLT pin (FLT stands for Fault) is a bi-directional communication pin between the ISL73847M controller and
the ISL71441M driver. On the ISL73847M, the FLT pin is low and is an I/O when the part is not ready (during
startup) or encounters a fault. The ISL71441M uses this pin to communicate if it is not ready to accept input or
encounters a fault on its end. In either case, if the FLT pin is pulled low by the ISL71441M, the ISL73847M sets its
PWM outputs to mid-level and enters a hiccup. PWM at mid-level tells the ISL71441M to turn off both of its FET
outputs. The FLT pin is an input while switching (during and after startup).

Note: The FLT Mid Threshold Voltage in the Electrical Characteristic table is the same as the FLT Falling
Threshold.

5.15.5 Oscillator and Sync Input Fault

If the FS pin is inadvertently shorted to ground, this causes a fault in the controller, and switching would be
inhibited.

The ISL73847M can synchronize to an external frequency. If the external clock is not present or if the internal
clock frequency is not less than 15% of the required external clock frequency, the part reverts to the internal
oscillator and continues operation. When the external sync input returns or if the internal clock frequency is less
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than 15% of the required external clock frequency, the ISL73847M immediately switches back to the external
clock, as shown in Figure 54.

PR TN
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@
c1__ @0 ¢ @o@m: 00 HD | |Timebase 0.0 us|[Trigger (59 148
5.00 Vidiv 5.00 Vidiv 5.00 Vidiv|  10.0 mVi : 100 ps/div|Stop 255V
500 mV ofsif -500mVofst]  9.900V ofsi| _-971.00 ; 1MS 10 GSis| Widih_Positive

Figure 54. Switching between Internal Oscillator and External Oscillator on SYNC-I
(External clock frequency changed from 1MHz to 1.15MHz)

While switching between the internal and external oscillators, there may be a glitch observed on the regulated
output. The size of this glitch depends on the frequency difference between the internal and external clock, output
capacitance, and output loading.

The internal oscillator must be configured to operate 15% slower than the minimum external frequency applied to
the SYNC-I pin to ensure that this fail safe works accordingly,. Setting the internal oscillator to a frequency that is
too close to the external sync frequency can result in the clock output alternating between the internal and
external clock, resulting in a beat frequency.

If the SYNC-I function is unnecessary, leave the pin floating as it has an internal pull-down. If whatever is driving
the SYNC-I pin gets stuck in either a logic high or low, and as long as there are no transitions, the ISL73847M
reverts to the internal oscillator.

6. Applications Information

6.1  PWM Output Switching Frequency Selection

The PWM output switching frequency is half the frequency of the internal oscillator. This is done to obtain a
precise 180° phase shift between phases. The switching frequency is determined based on the requirements of
the regulator size, power dissipation, and conversion ratio, where minimum controllable on/off times should be
considered. Increasing the switching frequency reduces the solution size but, at the same time, increases
switching losses. A balance must be reached between these parameters to decide the optimal switching
frequency.
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When the switching frequency is determined, the FS resistor (frequency setting resistor) can be determined by
using Equation 3. Renesas recommends using precision resistors to set the oscillator frequency as variations in
the resistor increase the oscillator frequency spread.

250
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Figure 55. Rgg vs Frequency

The oscillator frequency is determined by a resistor to ground on the FS pin where Rgg is in kiloohms (kQ) for a
desired switching frequency fgyy in kilohertz (kHz).

56497

—— =" 20.96
fSW[kHz]

(EQ.3) RgglkQ] =

IMPORTANT: Equation 3 approximates the real data presented in Figure 55. The data used for Figure 55 is
typical, and there is some variation because of temperature and variation. This variation is shown in the electrical
specifications table by providing four fixed resistors and the frequency and tolerance achieved with those
resistors.

6.2 Output Voltage Setting

Use Equation 4 to calculate the required regulated output voltage. For greater voltage accuracy, Renesas
recommends using 0.1% feedback resistors.

R
_ 2
(EQ-4) vy 1 = VRer x(1 +_R1]

= Vour is the required regulated output voltage.
= VRer is the internal reference voltage on the VFB+ pin, which is 0.6V (typical).

R, is the bottom resistor in the feedback divider.

R, is the top resistor in the feedback divider.

6.3 Resistor Current Sensing and Monitoring Setting
The ISL73847M can sense current through a shunt resistor or DCR sensing. Use Equation 5 to determine the
required shunt resistance or minimum DCR of the inductor. Depending on what PV, Voyrt, and loytvax) are,

DCR sensing might not be practical. For example, in a high current and low output voltage application, getting an
inductor that meets both the minimum DCR requirement and the saturation current capability might not be
possible. In this case, shunt sensing is the only option.

\ x N

_ SEN
(EQ. 5) RseN = e
OUT(MAX)

= Rgen is the sense resistor or DCR of the inductor.
= nis the number of phases (for the ISL73847M this is either 1 or 2).
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* louT(max) is the max DC output current for all phases.
= Vgey is the target current-sense amplifier input voltage during steady-state operation, which is 50mV (typical).

It is necessary to add RC filters for the sense resistor and DCR sensing. In the case of the sense resistor, it is to
compensate for the parasitic inductance. Use Equation 6 to calculate the RC filter if the resistance and parasitic
inductance of the sense resistor are known. For DCR sensing, the RC filter has to be properly selected such that
the voltage across the cap is proportional to the current through the inductor.

Lrar Rsen

i Cour

Figure 56. Rggy Parasitic Inductance Compensation RC Circuit

To ISENSE pins

LpaR

(EQ.6) AR
RseN

= ReixCeiL

= Rp_ is the resistance of the resistor in the RC filter.

= Cpg is the capacitance of the capacitor in the RC filter.
= Rggn is the sense resistor from Equation 5.

= Lpar is the parasitic inductance of Rggn-

The ISL73847M continuously monitors the inductor current of each phase. The IMON pin outputs a current
proportional to the summation of current from both phases.

2

(EQ.7)  Iyon = 2 Rsen*!Ln*9m(csA IMON)
n=1

= lpon is the current out of the IMON pin.
= Rgen is the sense resistor calculated from Equation 5.

= I_, is the inductor current for a given phase, where n is the phase number.

* dIm(CSA, IMON) IS the transconductance from the input of the current sense amp to the IMON pin, which is
0.39uA/mV (typical).

6.4 DCR Current Sensing

The DCR method of current sensing in a buck converter uses the DC resistance of the inductor winding as the
current sense element. This method eliminates the need for a sense resistor and improves efficiency. The inductor
DCR does vary based on the temperature coefficient of the selected winding material, such as Cu. However,
these variations are not quite as wide as using a MOSFET for rpg(on) sensing. This method is often used in

low-output voltage converters, as any voltage drop on a sense resistor negates the low-output voltage. Keep in
mind that DCR sensing is not recommended for current-sharing applications.
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If the DCR = Rggp, place an RC filter across the inductor. as shown in Figure 57.

From L DCR
Switching Vout
Node
Rri
To CruiL
ISENX -

Figure 57. DCR Current Sensing when DCR = Rggy

Calculate the component values using Equation 8:

(EQ. 8)

L
5er - RFIL*CRiL

L is the output inductor value.

DCR is the DC resistance of inductor winding.
= RpgL is the resistor value selected for DCR sensing and filtering.
= Cpg_ is the capacitor value selected for DCR sensing and filtering.

If DCR < Rggn;, a resistor can be added to get the required Rggp;, as shown in Figure 58.

From L DCR
Switching — Vour
Node

RFiL

||
I
+ CriL

To
ISENX -

Figure 58. DCR Current Sensing when DCR < Rggp

Calculate the component values using Equation 9. For example, if Rggy is 2mQ and the chosen inductor has a

DCR of 1mQ, a 25mV current sense signal is produced instead of a 50mV signal. To fix this, add R = 1mQ in
series with the inductor to get a Rggny = 2mQ.

L _
(BQ.-9)  ~=p—x% = RrL*CriL

L is the output inductor value.

DCR is the DC resistance of inductor winding.

= Ris the added resistor in series with the inductor.

= RpgL is the resistor value selected for DCR sensing and filtering.
Cg L is the capacitor value selected for DCR sensing and filtering.
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If DCR > Rggp;, @ voltage divider must be added to the current sense filter to obtain the required Rggy, as shown
in Figure 59.

Figure 59. DCR Current Sensing when DCR > Rggy

Calculate the component values using Equation 10. For example, if Rggy is 2mQ and the chosen inductor has a
DCR of 3mQ, a 75mV current sense signal is produced instead of a 50mV signal. To fix this, use an Rg 1 = 1kQ
and Rg) > = 2kQ divider to reduce the 75mV current sense signal to 50mV.

€EQ.10) _L__ RE1*Reio
DCR  RejL1 TR 2

xCgL

= L is the output inductor value.

DCR is the DC resistance of inductor winding.
= RpL1 and Rgy o are the resistor values selected for DCR sensing and filtering.
= Cpg_ is the capacitor value selected for DCR sensing and filtering.

6.5 Inductor Selection

To select the proper inductance value, determine the input voltage, output voltage, switching frequency, and
inductor ripple current. Renesas recommends ensuring the inductor ripple current is 30%.

(EQ.11)  loyt = nxlpyase
= nis the number of phases (for the ISL73847M this is either 1 or 2).
= lpnyase is the phase current.

Designing with less ripple current reduces the output voltage ripple but comes at the expense of slower transient
response. Therefore, the amount of acceptable ripple would need to be decided on a per-application basis.

Use Equation 12 to calculate a good first-pass estimate for the inductor size.

(EQ.12) L Vin—VYour) xDxn

REC ™~ kxfgw < lout

* Lgrgc is the recommended inductance.

= V)\ is the input voltage to the power supply.

= Vour is the output voltage of the power supply.

= D is the duty cycle; for a buck converter, it is (Vout/V|N)-

= ks the inductor ripple to DC current ratio (k = 0.3 is recommended).
= nis the number of phases (for the ISL73847M this is either 1 or 2).

= fgw is the switching frequency of the power supply.

= lpyrt is the output current of the regulator.
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6.6 Slope Compensation

Use Equation 13 to calculate the slope compensation resistor:

R _ Rsen*Res *Vour
(EQ. 13) SLOPE kXLSEL

25kQ <Rg| opg < 100kQ

= RgopE is the slope compensation resistor.

= Rggy is the value of the current sensing resistor.

= Rgg is the value of the resistor that sets the switching frequency.
= Vour is the output voltage of the power supply.

= ks a constant, 25kV/s.

= LggL is the user-selected output inductance.

The Rgopg value must stay within 25kQ to 100kQ for proper operation of the internal circuitry. If Rg_opg is less
than 25kQ), Lgg must be decreased; If Rg| opg is greater than 100kQ), Lgg must be increased.

6.7 Error Amplifier Compensation and Output Capacitance

To calculate the output capacitor and compensation values, the transient response AVt and transient current
step AlgyT must be known. With these two known values, use Equation 14 to calculate the equivalent load-line
output impedance R .

AV

(EQ.14) R = —2YT
Al

ouT

As an example, if a regulator needs to meet a 5% transient specification for Vo1 = 1V and Algyt = 50A, AVgyr is
50mV (1Vx5%), which would make R = 50mV/50A = 1mQ.

The error amplifier is a transconductance amplifier that makes it much easier to compensate by placing a series
resistor and capacitor on the output of the amplifier (COMP pin). Use Equation 15 to determine the compensation
resistor (Rcomp)-

(EQ.15) R _ Vour*Rsen*Acsa
’ COMP — nxV xg xR
REF ¥ Im(EA) * RLL

* Rcowmp is the COMP pin resistor.

= Rggy is the sense resistor or minimum DCR of the inductor.

= Acsa is the gain of the current sense amplifier, which is 8mV/mV (typical).

= nis the number of phases (for the ISL73847M this is either 1 or 2).

= VREer is the internal reference voltage on the VFB+ pin, which is 0.6V (typical).

* OmeA) is the transconductance of the error amplifier, which is 3.57mA/V or 3.57mS (typical).
= R is the equivalent load-line output impedance calculated with Equation 14.

The output capacitance determines the unity gain frequency fr. Renesas recommends setting the unity gain
frequency a decade below the switching frequency (ft = fg\y/10). After selecting real output capacitors, rearrange
Equation 16 to solve for f; and recalculate the actual unity gain frequency (f1).

nxR xg xV
_ COMP m(EA) REF
EQ. 16 C =
( ) OUT(MIN) 2”XfTXACSAXRSENXVoUT
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* Cout(min) is the minimum output capacitance needed for the required unity gain frequency of the regulator.
= Rcowmp is the COMP pin resistor calculated in Equation 15.

= VREer is the internal reference voltage on the VFB+ pin, which is 0.6V (typical).

= Vour is the output voltage of the power supply.

= fris the unity gain frequency of the regulator, typically fr= fg,/10.

= Rggy is the sense resistor or minimum DCR of the inductor.

= Acsa is the gain of the current sense amplifier, which is 8mV/mV (typical).

Equations for Rcomp and Coyrt(miny are derived for an ideal case where the output capacitance has no parasitic

ESR and ESL. The actual equivalent output capacitance has some parasitic ESR and ESL that impact the
transient response. Use Equation 17 to approximate the total transient response.

(EQ.17)  AVouyr(rotar) = AVout * AVESR T AVESL

= AVgyr is the value in Equation 14 used for calculating Ry | .
= AVEgR is the output voltage deviation due to the equivalent parasitic ESR, calculated in Equation 18.
(EQ.18) AVpgg = Alg,TxESR

= AVEgg is the output voltage deviation due to the equivalent parasitic ESL, calculated in Equation 19, where di/dt
is the slew rate of the transient step.

(EQ.19) AVgg = ESL x dildt

Note: Equation 17 is a rough estimate because these three components that affect the transient response never
have maximum values simultaneously. Therefore, it should be clear that the ideal AVt calculated in

Equation 14 must be reduced to account for parasitic ESR and ESL in the output capacitors. For example, for a
design goal of 5% total transient response, if both AVegr and AVgg, are causing 1% Vgt disturbance each, the

real AVoyt used in Equation 14 should be 3% (5%-2%).

Ccowmp sets the zero frequency of the error amplifier. To maximize the phase margin of the regulator, Renesas
recommends setting the zero formed by Reopmp and Ccomp @ decade smaller than the actual unity gain frequency
of the regulator calculated with actual output capacitance (fz = f{/10). Use Equation 20 to calculate the Ccomp
value.

1
(EQ. 20) Ceomp = ——o——
ZRXEXRCOMP
= Ccowmp is the compensation capacitance.
* Rcowmp is the COMP pin resistor calculated in Equation 15.

= f;is the zero frequency set by Rcopmp and Ceomp, based on the actual f1 calculated from the actual output
capacitance.

6.8 Pole Capacitor
A pole capacitor must be added in parallel with Rcopmp and Ceomp to cancel out the zero created by the
equivalent ESR and Cqy. To calculate Cpp| g use Equation 21.

COUTXESR

(EQ.21) Cpp g =

Rcomp
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6.9 Droop Regulation Setting

Droop regulation changes the DC regulation set point inversely to the output load current, improving the transient
response. Place a resistor between the DROOP and VREF pins to use droop regulation. If droop regulation is
unnecessary, short the DROOP and VREF pins together. Figure 60 shows the transient response with droop
resistor = 0Q), and Figure 61 shows the transient response with droop resistor = 604Q. With droop regulation, the
transient response is reduced by 40%, which could allow a reduction in output capacitance if there is margin in

AVour-

T £CR0Y ALY
R R

ILOAD 50A/Div ILOAD 50A/Div

1 o  — — — T — — — T i e S e T T e e S R T —

VOUT 20mV/Div O Y S AN A SRR S N

// “Vour 20mV/Div B
. ur J
s AVoyr=97TmV l ,,,,,,,,,,,,,,,,,,,,,,, AVoyr=53mv. e |

T T3 s Sl [ i 4T i s £

50us/Div 50us/Div

Figure 60. Transient Response without Droop Figure 61. Transient Response with Droop Regulation
Regulation

As the output loading increases, the current into the DROOP pin increases and generates a voltage across the
resistor between the DROOP and VREF pins. This lowers the reference voltage presented to the error amplifier,
effectively lowering the regulation point. The extent of the droop variation can be tuned by carefully selecting the
droop resistor.

When using droop regulation, it is important to set the light load regulation point at the highest acceptable voltage
using Equation 4. Then, calculate the percent deviation of the regulated voltage needed to achieve the lowest
acceptable voltage at the maximum DC loading. When the percentage deviation (DRPpercent) is determined, use

Equation 22 to calculate the resistance between VREF and DROOP.

(EQ.22) & _ DRPpercent X VREF
DROOP |
DROOP xn

* Rproop is the resistance between the VREF and DROOP pins.

* DRPpgreent is the required droop of VOUT at full load. For example, DRPpercent = 0.05 for 5% VOUT droop.

= VRger is the internal voltage reference, which is 0.6V (typical).

* Iproop is the current into the DROOP pin (also known as the ERROR_DRP in the EC Table), which is 19.9pA
(typical).

= nis the number of phases (for the ISL73847M this is either 1 or 2).

Because Iproop follows the inductor current, average the signal to get the DC load current. Use Equation 23 to
calculate the value of the capacitance:

Rcomp * Ccomp

(EQ. 23)
Rboroor

Cbroop =

= Cproop is the droop capacitance.
= Rproop is the resistance between the VREF and DROOP pins.
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* Rcowmp is the resistor in the series RC on the COMP pin from Equation 15.
= Ccowmp is the capacitor in the series RC on the COMP pin.

6.10 Soft-Start Capacitor Selection

The ISL73847M has an adjustable soft-start to help control the inrush current during startup. A capacitor to ground
on the SS pin controls the startup dynamics of the power supply. Use Equation 24 to calculate the capacitance
given the required soft-start time.

(EQ.24) cg - t_SV%i'_S_S
REF
= Cgg is the soft-start capacitance.
= tgg is the required soft-start time.
= VRer is the reference voltage, which is 0.6V (typical).
= lgg is the current sourced out of the SS pin, which is 10uA (typical).

The output should be in regulation when the soft-start capacitor reaches the band gap voltage of 0.6V. However,
the ISL73847M waits until soft-start reaches 0.9V before allowing PGOOD to reflect the output state.

6.11 Layout

6.11.1 Layout Guidelines
The following are recommendations for the best performance on the ISL73847M:

= Place the VDD bulk and high-frequency capacitor as close as possible to the VDD pin.

= Place the feedback resistors as close as possible to the VFB+ and VFB- pins to minimize parasitic capacitance.
= Ensure that all feedback traces are routed away from noisy switching nodes.

= Place the RSENSE RC filter as close to the ISENX+ and ISENX- pins as possible.

= Place Ccopmps Rcomp, @and Cpg g as close as possible to the COMP pin.

= SS, DROOP, and VREF capacitors should be referenced to VFB-.

= Ensure to have a good ground plane.

= Place bulk and high-frequency PVIN capacitors close to the ISL70020SEH FETS drain (Not drawn).

= Minimize the current loop area between the PVIN bulk capacitors and GND and phase node connections
= Connect the feedback traces to the load for point-of-load (POL) regulation.

= Ensure that the traces carrying high load currents are wide enough.
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6.11.2 Layout Example
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Figure 62. Layout Recommendations
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7. Die and Assembly Characteristics

Table 1. Die and Assembly Related Information

Die Information

Dimension

3710pm (146 mils) x 7110pm (280 mils)
Thickness: 483um x25um (19 mils £1 mil)

Interface Materials

Passivation

Type: Silicon Dioxide and silicon nitride
Thickness: 24.5kA

Top Metallization

Type: Top metal/Bond Pad Composition
99.5% Al, 0.5%Cu

Backside Finish

Silicon

Process

0.25um BiCMOS

Assembly Information

Substrate Potential

Internal connection to GND

Additional Information

Worst Case Current Density 31.36mA/um

Transistor Count 268182

Weight of Packaged Device 0.64 grams
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7.1  Metallization Mask Layout

VDDP PWM1

TARS44330=1
c an

ISEN1P

ISEN1N

pvee it 1l ISENIN_BIAS

PGND

avee i DGND

AGND

Fs [t

SLOPE

ss i i
a1
LTB

COMP [

VREF |} ISEN2N_BIAS

prROOP | T
B

Origin of
Coordinate Table

VFBN VFBP PWM2 PG
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Table 2. Layout X-Y Coordinates (Centroid of Bond Pad)

Pad Name Pad Number | Pin Number X-Co(z::;nate Y-Co(z::;nate Pac:uSr:‘z)e X Pac:j:\z)e Y 35:2:1:{;
(0.001”)
VDDP 1 1 1559 5706 117 117 1.3
VDD 2 1 1195 5699 117 117 1.3
SYNCI 3 2 695 5699 117 117 1.3
SYNCO 4 3 0 4924 117 117 1.3
DvCC 5 4 0 4407 117 117 1.3
PVCC 6 5 0 4070 117 117 1.3
AVCC 7 5 0 3216 117 280 1.3
FS 8 6 0 2565 117 117 1.3
SS 9 7 0 2010 117 117 1.3
COMP 10 8 0 1340 117 117 1.3
VREF 11 9 0 670 117 117 1.3
DROOP 12 10 0 0 117 117 1.3
VFBN 13 1 627 -905 117 117 1.3
VFBP 14 12 1191 -905 117 117 1.3
PWM2 15 13 1855 -912 117 117 1.3
PG 16 14 2379 -912 117 117 1.3
ISEN2P 17 15 3211 31 117 117 1.3
ISEN2N 18 16 3211 373 117 117 1.3
ISEN2N_BIAS 19 16 3211 726 117 117 1.3
IMON 20 17 3211 1290 117 117 1.3
FLT 21 18 3211 1871 117 117 1.3
SLOPE 22 19 3211 2392 117 117 1.3
AGND 23 20 3211 2848 117 280 1.3
DGND 24 20 3211 3270 117 117 1.3
PGND 25 20 3211 3635 117 117 1.3
ISENTN_BIAS 27 21 3211 4070 117 117 1.3
ISENIN 26 21 3211 4421 117 117 1.3
ISEN1P 28 22 3211 4763 117 117 1.3
EN 29 23 2322 5706 117 117 1.3
PWMA1 30 24 1855 5706 117 117 1.3
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8. Radiation Tolerance

The ISL73847M is a radiation tolerant device for commercial space applications, Low Earth Orbit (LEO)
applications, high altitude avionics, launch vehicles, and other harsh environments. This device’s response to
Total lonizing Dose (TID) radiation effects and Single Event Effects (SEE) has been measured, characterized, and
reported in the proceeding sections. However, TID performance is not guaranteed through radiation acceptance
testing, nor is the characterized SEE performance guaranteed.

8.1  Total lonizing Dose (TID) Testing

8.1.1 Introduction

Total dose testing of the ISL73847M proceeded in accordance with the guidelines of MIL-STD-883 Test Method
1019. The experimental matrix consisted of 12 samples irradiated under bias and 12 samples irradiated with all
pins grounded (unbiased). Three control units were used. The bias configuration is shown in Figure 63.

o .  vob |
——a Pt 10k0§ 10kﬂ§
N 7YY IETI—
% + 1pF 0.1uF uF 4; SYNC-O ISEN1+ }ﬁ 215%Q
- }7 vce ISENT-
[ vce GND
10kQ
100pF —{Fs] SLOPE
1SL73847M
= i Er sssa =
{— cowP | IMON
1.91kQ
VREF ISEN2- 20k
V2 1uF DROOP ISEN2+
I | S d |
0.022uF 0.1yF VFB. PG
- L |
- =

Note: VCC1 = V1 =20V; VCC2 = V2 = 1.5V

Figure 63. Bias Configuration

Samples of the ISL73847M were drawn from wafer lots V6C683/4/5 and were packaged in the production 24 Ld
WSOIC, Package Outline Drawing (POD) M24.3. The samples were screened to datasheet limits at room
temperature only before irradiation.

Total dose irradiations were performed using a Hopewell Designs N40 panoramic vault-type low dose rate gamma
ray irradiator in the Renesas Palm Bay, Florida facility. The dose rate was 0.0087rad(Si)/s (8.7mrad(Si)/s). PbAI
spectrum hardening filters were used to shield the test board and devices under test against low-energy
secondary gamma radiation.

Downpoints for the testing were Okrad(Si), 10krad(Si), 30krad(Si), 40krad(Si), and 50krad(Si).

All electrical testing was performed outside the irradiator using production Automated Test Equipment (ATE) with
data logging of all parameters at each downpoint. All downpoint electrical testing was performed at room
temperature.
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8.1.2

Results

The plots in Figure 64 through Figure 73 show data for key parameters at all downpoints. The plots show the
average as a function of total dose for each of the irradiation conditions; the average was used because of the
relatively large sample sizes. The plots also include error bars at each down-point, representing the minimum and
maximum measured values of the samples, although in some plots the error bars might not be visible due to their
values compared to the scale of the graph. All parts showed excellent stability over irradiation. Table 3 shows the
average of other key parameters with respect to total dose in tabular form.

Table 3. Key Parameters

Parameter and . . . . . .
Conditions Symbol Bias Okrad(Si) 10krad(Si) 30krad(Si) | 50krad(Si) Unit
Operating Supply Avg (Biased) 12.20 12.18 12.11 12.03
Current Vpp = 19.0V, Avg (Unbiased) 12.22 12.17 12.04 11.88
EN = 3.3V; s - mA
fsw = 500kHz and Limit - 9 9 9 9
C_=100pF Limit + 16 16 16 16
Avg (Biased) 24.80 24.88 24.83 24.84
Shutdown Supply Avg (Unbiased) 24.79 24.77 24.69 24.65
Current Vpp = 19.0V, Isp MA
EN = GND Limit - 9 9 9 9
Limit + 35 35 35 35
Vee Avg (Biased) 4.95 4.95 4.95 4.95
(0 mA) Avg (Unbiased) 4.95 4.95 4.95 4.95
LDO Output Voltage Vee Avg (Biased) 4.94 4.94 4.94 4.94
Range Vpp = 19.0V, \
louT = OmA and 20mA (20 mA) Avg (Unbiased) 4.94 4.94 4.94 4.94
Limit - 47 4.7 4.7 4.7
Limit + 5.3 5.3 5.3 5.3
Avg (Biased) 152.32 158.24 165.86 174.16
LDO Dropout Voltage Avg (Unbiased) 151.78 153.06 155.47 158.01
VDD = 45V, VCCDO mV
lout = 50mA Limit - 85 85 85 85
Limit + 250 250 250 250
Avg (Biased) 0.600 0.600 0.599 0.598
Veg+ (1V) .
Set Point Voltage Avg (Unbiased) 0.600 0.600 0.600 0.601
Vpp = 19V, Avg (Biased) 0.600 0.600 0.599 0.598
Vsent = Vsenz = Veg+ (2V) : \%
50mV, Vier = Voroop Avg (Unbiased) 0.600 0.600 0.600 0.600
=1Vand 2V Limit - 0.592 0.592 0.592 0.592
Limit + 0.604 0.604 0.604 0.604
Avg (Biased) 3.61 3.60 3.61 3.59
Gm-EA
Error Amp " Avg (Unbiased) 3.61 3.61 3.61 3.58
Transconductance mA/V
Vpp = 19V ] Limit - 3.00 3.00 3.00 3.00
Limit + 4.00 4.00 4.00 4.00
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Table 3. Key Parameters (Cont.)

Parameter and . . . . . .
Conditions Symbol Bias Okrad(Si) 10krad(Si) 30krad(Si) | 50krad(Si) Unit
Om(GSADRP)) Avg (Biased) 0.40 0.40 0.40 0.40
CSA Droop (CSAT) Avg (Unbiased) 0.40 0.40 0.40 0.40
Transconductance ;
iy Gm(GSADRP)) Avg (Biased) 0.40 0.40 0.40 0.40 Ay
DD ~ ’
CSA2 -
Vsens- 1sen,) = 10mV ( ) Avg (Unbiased) 0.40 0.40 0.40 0.40
and 50mV, Vg = 0.6V Limit - 0.38 0.38 0.38 0.38
Limit + 0.42 0.42 0.42 0.42
Im(CSAIMON)) Avg (Biased) 0.40 0.40 0.40 0.40
CSA IMON (CSA1) Avg (Unbiased) 0.40 0.40 0.40 0.40
Transconductance ;
iy Im(CSAIMON)) Avg (Biased) 0.40 0.40 0.40 0.40 .
DD ~ ’
CSA2 -
VSN 15Ny = 10mV ( ) Avg (Unbiased) 0.40 0.40 0.40 0.40
and 50mV, Vg = 0.6V Limit - 0.36 0.36 0.36 0.36
Limit + 0.47 0.47 0.47 0.47
fosC.0.5M Avg (Biased) 0.50 0.50 0.50 0.50
500kHz Oscillator (4.5V) Avg (Unbiased) 0.50 0.50 0.50 0.50
Frequency -
Vpp = 4.5V and 19V, fosc.0.5M Avg (Biased) 0.51 0.51 0.51 0.51 Mz
Rfs = 205kQ, (19Vv) Avg (Unbiased) 0.51 0.51 0.51 0.51
EN = 33V, RSYNC-O =
100kQ to GND Limit - 0.45 0.45 0.45 0.45
Limit + 0.55 0.55 0.55 0.55
fran. Avg (Biased) 2.95 2.95 2.96 2.96
3MHz Oscillator oy .
Frequency (4.5V) Avg (Unbiased) 2.94 2.94 2.95 2.94
Vpp = 4.5V and 19V, f Avg (Biased) 2.93 2.93 2.94 2.94
OSC-3M
Rpg = 205kQ, (19v) . MHz
EN = 3.3V, Avg (Unbiased) 2.92 2.92 2.93 2.92
Rsync-o = 100kQ to Limit - 2.70 2.70 2.70 2.70
GND }
Limit + 3.30 3.30 3.30 3.30
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8.1.3  Typical Radiation Performance
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Figure 64. Operating Supply Current vs TID Figure 65. Shutdown Current vs TID
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Figure 68. Set Point Voltage vs TID Figure 69. Transconductance vs TID
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8.1.4 Conclusion

As shown in Table 3 and the selected graphs (Figure 64 through Figure 73), all parameters showed excellent
stability over irradiation with little to no observed bias sensitivity.
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8.2 Single-Event Effects Testing

8.21 Introduction

The intense heavy ion environment encountered in space applications can cause a variety of Single Event Effects
(SEE). SEE can lead to system-level performance issues, including disruption, degradation, and destruction. For
predictable and reliable space system operation, individual electronic components should be characterized to
determine their SEE response. The ISL73847M exhibits no DSEE, SET or SEFI at 43MeVscm2/mg.

8.2.2 SEE Test Setups
SEE testing was completed at the Texas A&M University (TAMU) Radiation Effects Facility of the Cyclotron

Institute in College Station, Texas. This facility has a K500 superconducting cyclotron that can supply various ion
species and flux. The testing referred to in this report was performed in April 2022 using the K500 cyclotron.

The ISL73847M DUT (Device Under Test) irradiation setup is shown in Figure 74. The ISL73847M was configured
for 2-phase operation at two PWM frequencies, each using a different board assembly. The board assembly
configured for the switching frequency of 500kHz and Vg1 = 1.0V used a Lo« Of 1.0uH and Cq 1 of 880pF (4x
KEMET T530D227M010ATE006-T with maximum ESR of 6mQ each) The compensation component values were
RCOMP = 422k, CCOMP = 10n, CPOLE = 330pF, RSLOPE = 374k, and RDROOP =604Q. The board assembly
configured for the switching frequency of 1000kHz and Vot = 1.0V used a Loty Of 560nH. The rest of the

components remained the same as for the 500kHz case.

VBUS

Current Feedback

H

Remote Voltage Feedback

< i
vee [t

rrrrr

ISL73041SEH %
FLT ’1

vBUS —vr
FPGA
i LOAD
l FLT !
vce t

Half Bridge
rrrrr

ISL73041SEH
1

Figure 74. DUT SEE Irradiation Setup
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8.2.3  Single Event Burnout and Latch-Up (SEB/L) Results
The ISL73847M showed no appreciable change in post output voltage, and supply currents (less than £1%).
The ISL73847M proved to be free of DSEE, including SEL at a VDD voltage of 25.0V and a case temperature of

125°C. The device was also free of DSEE, including SEL, at a VCC voltage of 6.7V. Additionally, the device
proved free of SEFIs at an ISENSE voltage of 10V. The 2-phase buck output of 1.0V was loaded to a total of 5A.

8.24 SET Results

One SET event with a deviation greater than £20mV was observed, which showed a missing pulse on PWM
output. The SET testing was performed on two devices at an fgyy of 500kHz and another two at an fgy of

1000kHz. No captures, however, were seen at 500kHz during the SET testing at 25°C with a £20mV window
trigger on Vour.

Figure 75 shows the missing pulse on PWM2 captured during test run 413. The signals monitored during the test
were:

= PWM1 and PWM2 — The drive signals.

= VREF - The voltage reference (0.6V).

= SYNC-O — The output of the internal oscillator clock.

= COMP — The output of the error amplifier.

= DROOP - The reference voltage to the error amplifier, which is modulated in proportion to the current sensed
by the controller.

s

TIMEO (Hs)

Figure 75. fgyy = 1MHz, trigger Vo1 220mV

8.2.5 Conclusion

As shown in Figure 75, one SET event with a deviation greater than +20mV was observed, which showed a
missing pulse on PWM output.
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9. Package Outline Drawing

For the most recent package outline drawing, see M24.3.
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10. Ordering Information

1 Part Radiation Lot Pac.ka.ge > MSL Package | Carrier Temp.
Part Numberl1] Markin Acceptance Description(2] Ratina®l | Drawin Tvoe Ranae
9 Testing (RoHS Compliant) 9 9 yp 9
73847 . 24 L.d WSOIC -55 to
ISL73847M30BZ MBZ 30krad(Si) Packaged Device 1 M24.3 Tray +125°C
73847 . 24 Ld WSOIC -55 to
ISL73847M50BZ MBZ 50krad(Si) Packaged Device 1 M24.3 Tray +125°C
ISL73847MDEMO1Z | Dual-Phase DEMO Board (For Demonstration Purposes)
ISL73847MDEMO2Z | Single-Phase DEMO Board (For Demonstration Purposes)

1. These Pb-free plastic packaged products employ special Pb-free material sets; molding compounds/die attach materials and NiPdAu-Ag
plate - e4 termination finish, which is RoHS compliant and compatible with both SnPb and Pb-free soldering operations. Pb-free products
are MSL classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of IPC/JEDEC J-STD-020.

2. For the Pb-Free Reflow Profile, see TB493.

3. For more information about Moisture Sensitivity Level (MSL), see TB363.

11. Revision History

Rev. Date Description
1.07 Feb 11, 2026 Updated Figure 62.
1.06 Nov 5, 2025 Updated the Abs Max section by removing second row and changed VCC (heavy ion environment)
max from 6.3V to 6.5V.
Updated Page 1 information.
1.05 Jul 24, 2025 . . .
Added the Multi-Phase Operation section.
1.04 Jan 16, 2025 Corrected package graphic in the pin assignment section.
Updated Figures 3, 4, and 7.
Updated SYNC-I to PWM2 Delay typical from 20ns to 260.
1.03 Nov 14, 2024 .
Updated SYNC-O to PWM2 Delay typical from 150ns to 20ns.
Added Outgas Testing section.
1.02 Jul 24, 2024 Updated Figures 53 and 54 and related text.
Removed Table 1.
1.01 May 1, 2024 )
Updated Peak Current Mode Control section.
1.00 Dec 7, 2023 Initial Release
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