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Datasheet

ISL71001M

6A Synchronous Buck Regulator with Integrated MOSFETs

Description

The ISL71001M is a radiation tolerant and high
efficiency monolithic synchronous buck regulator with
integrated MOSFETs. This single chip power solution
operates across an input voltage range of 3V to 5.5V
and provides a tightly regulated output voltage that is
externally adjustable from 0.8V to ~85% of the input
voltage with an output load current capacity of 6A.
The ISL71001M is available in a plastic 64 Ld Thin
Quad Flatpack (EP-TQFP) package.

The ISL71001M uses peak current-mode control for
excellent output load transient response and features
integrated compensation and switches at a fixed
frequency of 1MHz to reduce component size and
count. The ISL71001M can be synchronized to an
external clock to control the input ripple current and
EMI. The internal synchronous power switches are
optimized for high efficiency and good thermal
performance.

The ISL71001M incorporates fault protection for the
regulator. The protection circuits include input
undervoltage, output undervoltage, and output
overcurrent.

High integration makes the ISL71001M an ideal
choice to power many of today’s small form factor
applications. Two devices can be synchronized to
provide a complete power solution for large scale
digital ICs, like Field Programmable Gate Arrays

(FPGASs), that require separate core and I/O voltages.
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Figure 1. Typical Application

Features

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

= Passes NASA low outgassing specifications

= Operates from 3V to 5.5V supply
» Programmable power-on reset level

= Fixed 1MHz switching frequency

= +1.2% reference voltage

= Highly efficient: 95% peak efficiency

= Bidirectional SYNC pin allows two devices to be
synchronized 180° out-of-phase

= Analog soft-start

= Output undervoltage and overcurrent protection

= Power-good output voltage monitor

= Tin (Sn) free lead finish

= TID Radiation Lot Acceptance Testing (RLAT)
(LDR: =10mrad(Si)/s)
* ISL71001M30RTZ: 30krad(Si)
* ISL71001M50RTZ: 50krad(Si)

= SEE Characterization

* No DSEE for V|y = 5.7V and lgyt = 7A at
43MeV-cm?2/mg

« SET<1% on Vgyt at 43MeV+cm2/mg

Applications
= FPGA, CPLD, DSP, CPU Core, or I/O voltages

= Low-voltage, high-density distributed power
systems

= Low Earth Orbit (LEO) applications
= High altitude avionics
= Launch vehicles
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Figure 2. Efficiency vs V| for 2.5V Output, T¢ = +25°C
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ISL71001M Datasheet

1. Overview

1.1 Typical Application Schematics
5V >—¢ » o
1 AFRERERrRl
100pF = 1uF 10 £ |g |8 |8 |2
I I LX1
— == AVDD
103 = 1F LX2
AGND LX3
= 1uH
LX4 1.8V
_ DVDD l °6A
VSENSE LX5 470pF
1uF I
DGND
} LX6 = §1ko = 4.7nF
‘ ___EN ISL71001M B
l M/s
PORSEL L_L 4990
:[:10nF Ss IZZO”F 0V to 5.5V
1 11OOnF = =
= = I
ML syne PGOOD R
imnF
- N ™ < 0 © =
[a)] a [a] a [m] a
zZ Z pd z pd z
o (O] (O} (O] (0] O
o o o _ o o o
L
Figure 3. 5V Input Supply Voltage with Master Mode Synchronization
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Figure 4. 3.3V Input Supply Voltage with Clock Slave Mode Synchronization
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ISL71001M Datasheet

1.2 Functional Block Diagram
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ISL71001M Datasheet

2. Pin Information

21 Pin Assignments
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Figure 6. Pin Assignments - Top View

2.2 Pin Descriptions

Pin Number

Pin Name

Description

1

M/S

Master/Slave input for selecting the direction of the bidirectional SYNC pin. For SYNC = Output (Master
mode), connect this pin to DVDD. For SYNC = Input (Slave Mode), connect this pin to DGND.

2,3,4,11,
12,13

DGND

The digital ground associated with the internal digital control circuitry. Connect these pins directly to the
ground plane.

PGOOD

Power-good output. This pin is an open-drain logic output that is pulled to DGND when the output voltage
is outside a £11% typical regulation window. This pin can be pulled up to any voltage from 0V to 5.5V,
independent of the supply voltage. A nominal 1kQ to 10kQ pull-up resistor is recommended. Bypass this
pin to DGND with a 10nF ceramic capacitor to mitigate SEE.

SS

The soft-start input. Connect a ceramic capacitor from this pin to AGND to set the soft-start output ramp
time in accordance with Equation 1:

(EQ. 1) tss = Css Vrer/lss

where:
= tgg = Soft-start output ramp time
= Cgg = Soft-start capacitor
= Vger = Reference voltage (0.6V typical)
Iss = Soft-start charging current (23pA typical)
Soft-start time is adjustable from approximately 2ms to 200ms.
The range of the soft-start capacitor should be 82nF to 8.2pF, inclusive.

7,16,17, 23,
32, 33, 48, 49

NC

There is no internal connection on this pin

FN8926 Rev.3.00
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ISL71001M Datasheet

Pin Number Pin Name Description
Bias supply inputs to the internal digital control circuitry. Connect these pins together at the IC and locally
8,9, 10 DVDD filter them to DGND using a 1Q resistor and a 1uF ceramic capacitor. Locate both filter components as
close as possible to the IC.
Analog ground associated with the internal analog control circuitry. Connect these pins directly to the
14,15 AGND
ground plane.
Bias supply input to the internal analog control circuitry. Locally filter this pin to AGND using a 1Q resistor
18 AVDD . . ) ;
and a 1uF ceramic capacitor. Locate both filter components as close as possible to the IC.
Internal reference voltage output. Bypass this pin to AGND with a 220nF ceramic capacitor located as
19 REF close as possible to the IC. The bypass capacitor is needed to mitigate SEE. No current (sourcing or
sinking) is available from this pin.
Voltage feedback input to the internal error amplifier. Connect a resistor from FB to VOUT and from FB to
AGND to adjust the output voltage in accordance with Equation 2:
(EQ.2) Vout = Vrer [1+(Ry/Rp)]
where:
20 FB Vour = Output voltage
Vger = Reference voltage (0.6V typical)
Rt = Top divider resistor (Must be 1kQ)
Rg = Bottom divider resistor
The top divider resistor must be 1kQ to mitigate SEE. Connect a 4.7nF ceramic capacitor across RT to
mitigate SEE and to improve stability margins.
Enable input to the IC. This is a comparator type input with a rising threshold of 0.6V and programmable
21 EN hysteresis. Driving this pin above 0.6V enables the IC. Bypass this pin to AGND with a 10nF ceramic
capacitor to mitigate SEE.
Input for selecting the rising and falling POR (Power-On Reset) thresholds. For a nominal 5V supply,
22 PORSEL connect this pin to DVDD. For a nominal 3.3V supply, connect this pin to DGND. For nominal supply
voltages between 5V and 3.3V, connect this pin to DGND.
24, 25, 36, ) o .
Power supply inputs to the corresponding internal power blocks. These pins must be connected to a
37, 38, 39, . . A . .
50 51 52 PVINX common power supply rail, which must fall in the range of 3V to 5.5V. Bypass these pins directly to
o PGNDx with ceramic capacitors located as close as possible to the IC.
53, 62, 63
26, 27, 34,
35, 40, 41, LXx Outputs of the corresponding internal power blocks and should be connected to the output filter inductor.
46, 47, 54, Internally, these pins are connected to the synchronous MOSFET power switches.
55, 60, 61
28, 29, 30, . . L . .
Power grounds associated with the corresponding internal power blocks. Connect these pins directly to
31,42, 43, ) ) ) .
44 45 56 PGNDx the ground plane. These pins should also connect to the negative terminals of the input and output
57’ 58’ 59’ capacitors. Locate the input and output capacitors as close as possible to the IC.
Synchronization 1/O for the IC. When configured as an output (Master mode), this pin drives the SYNC
input of another ISL71001M. When configured as an input (Slave mode), this pin accepts the SYNC
64 SYNC output from another ISL71001M or an external clock. Synchronization of the slave unit is 180° out-of-
phase with respect to the master unit. If synchronizing to an external clock, the clock must be SEE
hardened and the frequency must be within the range of 1MHz +20%.
Bottom thermal pad. It is not connected to any electrical potential of the IC. In the layout, it must be
EPAD Heatsink connected to a PCB large ground copper plane that does not contain noisy power flows. Put multiple vias

(as many as possible) in this pad connecting to the ground copper plane, to help reduce the 6,,.
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ISL71001M 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 might adversely impact product reliability and result in failures not covered by warranty.

Parameter Minimum Maximum Unit
AVDD, DVDD, LXx, PVINx GND-0.3 6.5 \Y
Signal Pins (EN, FB, PORSEL, and REF) - AVDD
Digital Control Pins (M/S, SYNC) - DVDD
PGOOD GND-0.3 6.5 \Y
SS GND-0.3 25 \Y
DC Current per Phase - 1.2 A
Storage Temperature Range -55 +125 °C
Maximum Operating Junction Temperature - +145 °C
Human Body Model (Tested per JS-001-2014) - 4 kV
Charged Device Model (Tested per JS-002-2014) - 2 kV
Machine Model (Tested per JESD22-A115C) - 200 \%
Latch-Up (Tested per JESD-78E; Class 2, Level A) - 100 mA
3.2 Outgas Testing
(Testediz?igiﬁlzges, 1.5) Value Unit
Total Mass Lossl'] 0.06 %
Collected Volatile Condensible Materiall'] <0.01 %
Water Vapor Recovered 0.03 %
1. Outgassing results meet NASA requirements of total mass loss <1% and collected volatile condensible material of <0.1%.
3.3 Thermal Information
Parameter Package Symbol Conditions T\)I/:Ii:zl Unit
Thermal Resistance 64 Ld EP-TQFP Package 8| Junction to ambient 21 o
8,c2 Junction to case 0.5 °C/W

1. 0, is measured in free air with the component mounted on a high-effective thermal conductivity test board with “direct attach” features.

See TB379.

2. For 6, the case temperature location is the center of the exposed metal pad on the package underside.

3.4 Recommended Operation Conditions

Parameter Minimum Maximum Unit

AVDD, DVDD, LXx, PVINx 3 55 \Y
Signal Pins (EN, FB, PORSEL, and REF) - AVDD

Digital Pins (M/S, SYNC) - DVDD

REF, SS - Internally Set Y

I xx (Ty < +145°C) 0 1.0 A
Ambient Temperature Range -55 +125 °C
FN8926 Rev.3.00 Page 8
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ISL71001M Datasheet

3.5 Electrical Specifications

Unless otherwise noted, V| = AVDD = DVDD = PVINx = EN = M/S = 3V or 5.5V; GND = AGND = DGND = PGNDx = 0V; FB = 0.65V; PORSEL
=V|n for4.5V < V) £5.5V and GND for V|y <4.5V; SYNC = LXx = open circuit; PGOOD is pulled up to V| with a 1k resistor; REF is bypassed
to GND with a 220nF capacitor; SS is bypassed to GND with a 100nF capacitor; Igyt = 0A; T = T; = +25°C. 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 (ISL71001M30NZ); or over a total ionizing dose of 50krad(Si) at
+25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL71001M50NZ only).

Parameter Test Conditions ‘ Min[1] | Typl2 ‘ Max[1] | Unit

Power Supply

Vi = 5.5V - 40 65 mA
Operating Supply Current

Vi = 3.6V - 25 45 mA

VN = 5.5V, EN = GNDMI - 2 6 mA
Shutdown Supply Current

Viy = 3.6V, EN = GNDHI - 1.4 4.5 mA
Output Voltage
Reference Voltage Tolerance - 0.593 0.6 0.607 \%
Feedback (FB) Input Leakage Current | Viy = 5.5V, Vgg = 0.6V -1 0 1 MA
PWM Control Logic
Oscillator Accuracy - 0.82 1 1.18 MHz
External Oscillator Range - 0.8 1 1.2 MHz
Minimum LXx On Time VN = 5.5V, Test mode - 107 150 ns
Minimum LXx Off Time VN = 5.5V, Test mode - 41 100 ns
Minimum LXx On Time V)N = 3.6V, Test mode - 142 210 ns
Minimum LXx Off Time VN = 3.6V, Test mode - 41 100 ns

Input high threshold Vin-0.5 1.9 - \Y
Master/Slave (M/S) Input Voltage

Input low threshold - 1.3 0.5 \Y
Master/Slave (M/S) Input Leakage Vi = 5.5V, MIS = GND or Vi A 0 1 UA
Current

Input high threshold, M/S = GND 2.3 1.7 - \Y
Synchronization (SYNC) Input Voltage

Input low threshold, M/S = GND - 1.5 1 \%
Synchronization (SYNC) Input Vin = 5.5V, M/S = GND, SYNC = GND or Vy 1 0 1 WA
Leakage Current
Synchronization (SYNC) Output VIN - Vo at lop = -TmA - 0.16 0.4 v
Voltage VoL atlg = 1mA - 0.14 0.4 \
Power Blocks
Upper Device rpg(on) VN = 3V, 0.4A per power block, Test mode 80 142 220 mQ
Lower Device rpg(on) VN = 3V, 0.4A per power block, Test mode 40 85 140 mQ

VN = 5.5V, EN = LXx = GND, single LXx output -1 0 1 MA
LXx Output Leakage = = = i

VN = 5.5V, EN = GND, LXx = V|, single LXx 15 0 15 UA

output
Dead Time Within a single power block or between power 1.7 5 ) ns

blocks

V|N = 33V, VOUT = 18V, IOUT =3A - 94 - %
Efficiency

VIN = 5V, VOUT = 33V, IOUT =3A - 95 - %
Power-On Reset

Input high threshold Vin-0.5 1.4 - \Y
POR Select (PORSEL)

Input low threshold - 1.3 0.5 \Y
POR Select (PORSEL) Input Leakage V) = 5.5V, PORSEL = GND or Vjy A 0 1 UA
Current
FN8926 Rev.3.00 Page 9
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ISL71001M Datasheet

Unless otherwise noted, V|y = AVDD = DVDD = PVINx = EN = M/S = 3V or 5.5V; GND = AGND = DGND = PGNDx = 0V; FB = 0.65V; PORSEL
=V|n for4.5V < V) £5.5V and GND for V| <4.5V; SYNC = LXx = open circuit; PGOOD is pulled up to V| with a 1k resistor; REF is bypassed
to GND with a 220nF capacitor; SS is bypassed to GND with a 100nF capacitor; Igyt = 0A; T = T; = +25°C. 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 (ISL71001M30NZ); or over a total ionizing dose of 50krad(Si) at

+25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL71001M50NZ only). (Cont.)

Parameter Test Conditions Min[1] Typl2 Max[1] Unit
Rising threshold, PORSEL =V y 4.1 4.28 4.45 Vv
VIN POR Hysteresis, PORSEL = V|y 225 331 425 mV
Rising threshold, PORSEL = GND 2.65 2.8 2.95 \
Hysteresis, PORSEL = GND 90 168 260 mV
Enable (EN) Input Voltage Rising/falling threshold 0.56 0.6 0.64 \%
Enable (EN) Input Leakage Current VN = 5.5V, EN =GND or V|y -3 0 3 MA
Enable (EN) Sink Current EN =0.3V 6.4 1 16.6 MA
Soft-Start
Soft-Start Source Current SS =GND 20 23 27 uA
Soft-Start Discharge ON-Resistance - - 21 4.7 Q
Soft-Start Discharge Time - - 256 - CCJZS‘S
Power-Good Signal
Rising Threshold Vg as a percent of Vgep, Test mode 107 112 115 %
Rising Hysteresis VEg as a percent of Vggr, Test mode 2 3.7 5 %
Falling Threshold Vgg as a percent of Vggp, Test mode 85 88 93 %
Falling Hysteresis VEg as a percent of Vger, Test mode 2 3.6 5 %
Power-Good Drive VN =3V, PGOOD = 0.4V, EN = GND 7.3 8.2 - mA
Power-Good Leakage Vy = PGOOD = 5.5V - 0.001 1 pA
Protection Features
Undervoltage Monitor
Undervoltage Trip Threshold VN = 3V, Vgg as a percent of Vggg, Test mode 71 75 79 %
Undervoltage Recovery Threshold VN = 3V, Vg as a percent of Vggp, Test mode 84 88 92 %
Overcurrent Monitor
Overcurrent Trip Level LX4 power block, Test mode 1.3 1.7 25 A
Overcurrent Trip Counts LX4 power block, Test mode - 2 -
Overcurrent or Short-Circuit y|N = 3V,.S.S interva] = ZOQus, Test mode, fault ) 08 5 %
Duty-Cycle interval divided by hiccup interval
1. Compliance to datasheet limits is assured by one or more methods: analysis, characterization, design, or production test
2. Typical values shown are not guaranteed.
3. L =1pH connected to Lx.
4. 1kQ PGOOD pull-up resistor is not populated.
FN8926 Rev.3.00 Page 10
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ISL71001M Datasheet

4,

Typical Operating Performance

Unless otherwise noted, Tp = +25°C, Vjy = 5V, EN = 5V, L = 1.0uH, Cyy = 2x474F, Cour = 3x47uF and 1x1504F,

VOUT =1.2V.
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Figure 7. 5V V) Efficiency for Multiple Vot Levels
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Figure 9. 5V V) Efficiency, 3.3V Vgt Over Temperature
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Figure 10. 3.3V V) Efficiency, 1.2V Vg1 Over
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Figure 11. LX, Voyt and Inductor Current Waveforms,
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Figure 12. LX, Voyt and Inductor Current Waveforms,
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ISL71001M Datasheet

Unless otherwise noted, Tp = +25°C, Vjy = 5V, EN = 5V, L = 1.0uH, Cjy = 2x47uF, Coyr = 3x47uF and 1x150pF,

VOUT =1.2V. (Cont.)

Vour 500mV,/Div

PGOOD 2V/Div

1ms/Div

Figure 13. Enabled Start-Up Waveforms
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Figure 15. 0.5V Prebiased Start-Up to 2.5V Vot
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Figure 14. Disabled Turn-Off Waveforms

Vg 1V/Div

PGOOD 5V/Div

1ms/Div

Figure 16. Start-Up to 2.5V Vo1 Waveforms Ig = 0A
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Figure 18. Load Transient 0 to 6A
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Unless otherwise noted, Tp = +25°C, Vjy = 5V, EN = 5V, L = 1.0uH, Cjy = 2x47uF, Coyr = 3x47uF and 1x150pF,
VOUT =1.2V. (Cont.)
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Figure 23. Gain Phase Graph
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5. Device Information

5.1 Functional Description
The ISL71001M is a monolithic, fixed frequency, current-mode synchronous buck regulator with user-configurable
power blocks.

511 Power Blocks

The power output stage of the regulator consists of six 1A capable power blocks that are paralleled to provide full
6A output current capability. The block diagram in Figure 24 shows a top level view of the individual power blocks.

PVIN1— — PVING
LX1— Power Block 1 Power Block 6 — LX6
PGND1— — PGND6
PVIN2— — PVIN5
LX2— Power Block 2 Power Block 5 —LX5
PGND2— — PGND5
PVIN3— — PVIN4
LX3— Power Block 3 Power Block 4 — LX4
PGND3— — PGND4

Figure 24. Power Block Diagram

Each power block has a power supply input pin, PVINX, a phase output pin, LXx, and a power supply ground pin,
PGNDx. All PVINX pins must be connected to a common power supply rail and all PGNDx pins must be
connected to a common ground. The LXx pins should be connected to the output inductor based on the required
load current, but must include the LX4 pin. For example, if 3A of output current is needed, any three LXx pins can
be connected to the inductor as long as one of them is the LX4 pin. The unused LXx pins should be left
unconnected. Connecting all six LXx pins to the output inductor provides a maximum 6A of output current. See the
Typical Application Schematics for pin connection guidance.

A scaled pilot device associated with each power block provides current feedback. Power Block 4 contains the
master pilot device and this is why it must be connected to the output inductor.

5.1.2 Main Control Loop

During normal operation, the internal top power switch is turned on at the beginning of each clock cycle. Current in
the output inductor ramps up until the current comparator trips and turns off the top power MOSFET. The bottom
power MOSFET turns on and the inductor current ramps down for the rest of the cycle.

The current comparator compares the output current at the ripple current peak to a current pilot. The error
amplifier monitors Vg1 and compares it with an internal reference voltage. The output voltage of the error
amplifier drives a proportional current to the pilot. If Vo1 is low, the current level of the pilot is increased and the
trip off current level of the output is increased. The increased output current raises Vg1 until it is in agreement
with the reference voltage.
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51.3 Output Voltage Selection

The output voltage of the ISL71001M can be adjusted using an external resistor divider as shown in Figure 25.
|

VREF i 0.6V l LOUT
gREF1_k220nF LXx Vout
T= p———o0
Cc=4.7nF ICOUT lj
Error Rr 7=Cc
Amplifier
q

I
I
o rHFB
LT
< Veee L Rrer Rs
i
REF
T
Figure 25. Output Voltage Selection

Rt should be selected as 1kQ to mitigate single event transients. R should be shunted by a 4.7nF ceramic
capacitor, C¢, to mitigate single event transients and to improve loop stability margins. The REF pin should be
bypassed to AGND with a 220nF ceramic capacitor to mitigate single-event transients. It should be noted that no
current (sourcing or sinking) is available from the REF pin. Rg can be determined from Equation 3. The designer
can configure the output voltage from 0.8V to 85% of the input voltage.

Vv
(EQ.3) R, =R, .—REF
B T Vour—Vrer

514 Switching Frequency/Synchronization

The ISL71001M features an internal oscillator running at a fixed frequency of 1MHz. The regulator can be
configured to run from the internal oscillator or can be synchronized to another ISL71001M or an external clock
with a frequency range of 1MHz +20%.

To run the regulator from the internal oscillator, connect the M/S pin to DVDD. In this case, the output of the
internal oscillator appears on the SYNC pin. To synchronize the regulator to an external clock, connect the M/S pin
to DGND. In this case, the SYNC pin is an input that accepts an external synchronizing signal. When
synchronizing multiple devices, slave regulators are synchronized 180° out-of-phase with respect to the external
clock.

When using an ISL71001M in clock slave mode and applying an external clock to SYNC (whether from a clock
master ISL71001M or another external clock), all the clock slaves using the external clock signal must have their
LX output switching disabled through their EN input before any stoppage of the clock on the SYNC input. If the
external clock signal on the SYNC pin stops or is otherwise removed while the clock slave ISL71001M is enabled,
the internal lower FET turns on and remains on as the ISL71001M control circuit waits for the next rising edge of
the external clock that never arrives, as shown in Figure 26. Current from the load then recirculates through the
stuck-on lower FET. Figure 26 shows the SYNC stopping at a low level. If the SYNC stops at a level greater than
the SYNC voltage threshold (Vth) and then decreases through the SYNC Vth, there is a solitary LX pulse.
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Figure 26. SYNC Loss Showing LX Pulled Low

5.2 Operation Initialization

The ISL71001M initializes based on the state of the Power-On Reset (POR) monitor of the PVINXx inputs and the
state of the EN input. Successful initialization prompts a soft-start interval, and the regulator begins slowly ramping
the output voltage. Once the commanded output voltage is within the proper window of operation, the power-good
signal changes state from low to high, indicating proper regulator operation.

5.21 Power-On Reset

The POR circuitry prevents the controller from attempting to soft-start before sufficient bias is present at the PVINXx
pins.

The POR threshold of the PVINXx pins is controlled by the PORSEL pin. For a nominal 5V supply voltage,
PORSEL should be connected to DVDD. For a nominal 3.3V supply voltage, PORSEL should be connected to
DGND. For nominal supply voltages between 5V and 3.3V, PORSEL should be connected to DGND. The
Power-On Reset rising and falling thresholds are shown in the Electrical Specifications table.

Hysteresis between the rising and falling thresholds ensures that small perturbations on PVINx seen during
turn-on/turn-off of the regulator do not cause inadvertent turn-off/turn-on of the regulator. When the PVINXx pins are
below the POR rising threshold, the internal synchronous power MOSFET switches are turned off, and the LXx
pins are held in a high-impedance state.

5.2.2 Enable and Disable

After the POR input requirement is met, the ISL71001M remains in shutdown until the voltage at the enable input
rises above the enable threshold. As shown in Figure 27, the enable circuit features a comparator-type input. In
addition to simple logic on/off control, the enable circuit allows the level of an external voltage to precisely gate the
turn-on/turn-off of the regulator. An internal Igy current sink with a typical value of 11pAis only active when the

voltage on the EN pin is below the enable threshold. The current sink pulls the EN pin low. As V|3 rises, the
enable level is not set exclusively by the resistor divider from V5.

With the current sink active, the enable level is defined by Equation 4. Ry is the resistor from the EN pin to V|2
and R, is the resistor from the EN pin to the AGND pin.

R
1
(EQ. 4) VENABLE = VR‘[1 +§;J+IEN'R1

When the voltage at the EN pin reaches the enable threshold, the Igy current sink turns off.
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Vg = 0.6V |
len = 110A | ViN1
Cgn = 10nF
ENE 10N LPVINX T
‘—l’ R
[
| Vinz
Enable
Comparator | R1

POR
Logic

Figure 27. Enable Circuit

With the part enabled and the Igy current sink off, the disable level is set by the resistor divider. The disable level
is defined by Equation 5.

R
(EQ.5)  VpisaBLE = VR{1 +§l}
2

The difference between the enable and disable levels provides adjustable hysteresis so that noise on V |\, does
not interfere with the enabling or disabling of the regulator.

To mitigate single-event transients, the EN pin should be bypassed to the AGND pin with a 10nF ceramic
capacitor.

5.2.3 Soft-Start

Once the POR and enable circuits are satisfied, the regulator initiates a soft-start. Figure 28 shows that the
soft-start circuit clamps the error amplifier reference voltage to the voltage on an external soft-start capacitor
connected to the SS pin.

Ve = 0.6V v
lss = 23uA our

1
I
Rp =2.2Q | Ry
1 FB
|-
Error I Rs
Amplifier

[:]SS
N . c
‘—< ? —REF [ ss
PWM VREF =

|

i I

|

|

|

Logic

Figure 28. Soft-Start Circuit

The soft-start capacitor is charged by an internal Igg current source. As the soft-start capacitor is charged, the

output voltage slowly ramps to the set point determined by the reference voltage and the feedback network. Once
the voltage on the SS pin is equal to the internal reference voltage, the soft-start interval is complete. The
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controlled ramp of the output voltage reduces the inrush current during start-up. The soft-start output ramp interval
is defined in Equation 6 and is adjustable from approximately 2ms to 200ms. The value of the soft-start capacitor,
Cgssg, should range inclusively from 8.2nF to 8.2uF.

\
REF
(EQ.6) tgg = Cgg ot
SS

Use Equation 7 to calculate the peak inrush current. The soft-start interval should be long enough to ensure that
the peak inrush current plus the peak output load current does not exceed the overcurrent trip level of the
regulator.

v
ouT
(EQ.-7)  I\rusH = Cout Tog

The soft-start capacitor is immediately discharged by a 2.2Q resistor whenever POR conditions are not met or EN
is pulled low. The soft-start discharge time is equal to 256 clock cycles.

5.24 Power-Good

The Power-Good (PGOQOD) pin is an open-drain logic output that indicates when the output voltage of the
regulator is within regulation limits. The power-good pin pulls low during shutdown and remains low when the
controller is enabled. After a successful soft-start, the PGOOD pin releases, and the voltage rises with an external
pull-up resistor. The power-good signal transitions low immediately when the EN pin is pulled low.

The power-good circuitry monitors the FB pin and compares it to the rising and falling thresholds shown in the
Electrical Specifications table. If the feedback voltage exceeds the typical rising limit of 111% of the reference
voltage, the PGOOD pin pulls low. The PGOOD pin continues to pull low until the feedback voltage falls to a
typical of 107.5% of the reference voltage. If the feedback voltage drops below a typical of 89% of the reference
voltage, the PGOOD pin pulls low. The PGOOD pin continues to pull low until the feedback voltage rises to a
typical 92.5% of the reference voltage. The PGOOD pin then releases and signals the return of the output voltage
to within the power-good window.

The PGOOD pin can be pulled up to any voltage from 0V to 5.5V, independently from the supply voltage. The pull-
up resistor should have a nominal value from 1kQ to 10kQ. The PGOQOD pin should be bypassed to DGND, with a
10nF ceramic capacitor to mitigate single-event transients.

5.3 Fault Monitoring and Protection

The ISL71001M actively monitors output voltage and current to detect fault conditions. Fault conditions trigger
protective measures to prevent damage to the regulator and external load device.

5.31 Undervoltage Protection

A hysteretic comparator monitors the FB pin of the regulator. The feedback voltage is compared to an
undervoltage threshold that is a fixed percentage of the reference voltage. Once the comparator trips, indicating a
valid undervoltage condition, an undervoltage counter increments. The counter is reset if the feedback voltage
rises back above the undervoltage threshold, plus a specified amount of hysteresis outlined in the Electrical
Specifications table. If the undervoltage condition exists for three consecutive counts, the counter overflows and
the undervoltage protection logic shuts down the regulator.

After the regulator shuts down, it enters a delay interval equivalent to the soft-start interval, which allows the
device to cool. The undervoltage counter is reset when the device enters the delay interval. The protection logic
initiates a normal soft-start once the delay interval ends. If the output successfully soft-starts, the power-good
signal goes high, and normal operation continues. If undervoltage conditions continue to exist during the soft-start
interval, the undervoltage counter must overflow before the regulator shuts down again. This hiccup mode
continues indefinitely until the output soft-starts successfully.
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5.3.2 Overcurrent Protection

A pilot device integrated into the PMOS transistor of Power Block 4 samples current each cycle. This current
feedback is scaled and compared to an overcurrent threshold based on the number of power blocks connected.
Each additional power block connected beyond Power Block 4 increases the overcurrent limit by 2A. For example,
if three power blocks are connected, the typical current limit threshold would be 3 x 2A = 6A.

If the sampled current exceeds the overcurrent threshold, an overcurrent counter increments by one. Once the
overcurrent counter reaches a count of 3, it overflows and the regulator shuts down. If the sampled current falls
below the threshold before the counter overflows, the counter is reset.

After the regulator shuts down, it enters a delay interval, equivalent to the soft-start interval, which allows the
device to cool. The overcurrent counter is reset when the device enters the delay interval. The protection logic
initiates a normal soft-start once the delay interval ends. If the output successfully soft-starts, the power-good
signal goes high, and normal operation continues. If overcurrent conditions continue to exist during the soft-start
interval, the overcurrent counter must overflow before the regulator shuts down the output again. This hiccup
mode continues indefinitely until the output soft-starts successfully.

5.4 Feedback Loop Compensation

To reduce the number of external components and to simplify the process of determining compensation
components, the ISL71001M buck regulator has an internally compensated error amplifier.

Due to the current loop feedback in peak current mode control, the modulator has a single-pole response with -20dB
slope at a frequency determined by the load (Equation 8):

e 1
PO~ 2n-Rg-Coyr

(EQ. 8)
where Rg is load resistance and Cqy is the output load capacitance. For this type of modulator, a Type 2
compensation circuit is usually sufficient.
Figure 29 shows a Type 2 amplifier and its response, along with the responses of the current-mode modulator and
the converter.

Co

—
R, Cyq
Converter
R4
Type 2 EA
Modulator 1 Ggp = 25.1dB
1
! R 1Fp
F
PO Fo

Figure 29. Feedback Loop Compensation

The Type 2 amplifier, in addition to the pole at origin, has a zero-pole pair that causes a flat gain region at
frequencies between the zero and the pole (Equation 9 and Equation 10).

1

= ————— = 8.6kHz
2n-R,-Cy

(EQ.9) Fy

1

= ————— = 546kHz
2n-Ry-Cy

(EQ.10) Fp
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Zero frequency and amplifier high-frequency gain were chosen to satisfy typical applications. The crossover
frequency will appear at the point where the modulator attenuation equals the amplifier high frequency gain. The
only task that the system designer has to complete is to specify the output filter capacitors, to position the load
main pole somewhere within one decade lower than the amplifier zero frequency. Equation 13 approximates the
amount of capacitance needed to achieve an optimal pole location depending on the number of LXx pins
connected. With this type of compensation, plenty of phase margin is easily achieved due to zero-pole pair phase
boost.

Conditional stability can occur only when the main load pole is positioned too much to the left side on the
frequency axis due to excessive output filter capacitance. In this case, the ESR zero placed within the 1.2kHz to
30kHz range gives some additional phase boost. Some phase boost is also achieved by connecting the
recommended capacitor C¢ in parallel with the upper resistor Rt of the divider that sets the output voltage value,

as demonstrated in Figure 25.

5.5 Component Selection Guide

This design guide is intended to provide a high-level explanation of the steps necessary to create a power
converter. It is assumed the reader is familiar with many of the basic skills and techniques referenced in the
following. In addition to this guide, a complete evaluation board that includes schematic, BOM, and an example
PCB layout (see the Ordering Information) is provided.

5.5.1 Output Filter Design

The output inductor and the output capacitor bank together form a low-pass filter responsible for smoothing the
pulsating voltage at the phase node. The filter must also provide the transient energy until the regulator can
respond. Because the filter has low bandwidth relative to the switching frequency, it limits the system transient
response. The output capacitors must supply or sink current while the current in the output inductor increases or
decreases to meet the load demand.

5.5.2 Output Capacitor Selection

The critical load parameters in choosing the output capacitors are the maximum size of the load step (Algtgp), the

load-current slew rate (di/dt), and the maximum allowable output voltage deviation under transient loading
(AVpmax)- Capacitors are characterized according to their capacitance, Equivalent Series Resistance (ESR), and

Equivalent Series Inductance (ESL).

At the beginning of a load transient, the output capacitors supply all of the transient current. The output voltage
initially deviates by an amount approximated by the voltage drop across the ESL. As the load current increases,
the voltage drop across the ESR increases linearly until the load current reaches its final value. Neglecting the
contribution of inductor current and regulator response, the output voltage initially deviates by an amount shown in
Equation 11.

(EQ. 1) avyay~[ESLx S—H+[ESR><AISTEP]

The filter capacitors selected must have sufficiently low ESL and ESR such that the total output voltage deviation
is less than the maximum allowable ripple.

Most capacitor solutions rely on a mixture of high frequency capacitors with relatively low capacitance in
combination with bulk capacitors having high capacitance but larger ESR. Minimizing the ESL of the
high-frequency capacitors allows them to support the output voltage as the current increases. Minimizing the ESR
of the bulk capacitors allows them to supply the increased current with less output voltage deviation.

Ceramic capacitors with X7R dielectric are recommended. Alternately, a combination of low ESR solid tantalum
capacitors and ceramic capacitors with X7R dielectric can be used.
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The ESR of the bulk capacitors is responsible for most of the output voltage ripple. As the bulk capacitors sink and
source the inductor AC ripple current, a voltage, Vp_pax), develops across the bulk capacitor according to

Equation 12.

Vin—VouT)VouT

(EQ. 12) VP_P(MAX):ESRx[ et

In addition to ESL and ESR, another consideration in selecting the output capacitors is loop stability. The total
output capacitance sets the dominant pole of the PWM. Because the ISL71001M uses integrated compensation
techniques, it is necessary to restrict the output capacitance to optimize loop stability. The recommended load
capacitance can be estimated using Equation 13.

(EQ. 13) Cout = 75uF x Number of LXx Pins Connected x 1.8V

Vout
Another stability requirement on the selection of the output capacitor is that the ESR zero (fzggr) be placed at

60kHz to 90kHz. This range is set by an internal, single compensation zero at 8.6kHz. This ESR zero location
contributes to an increased phase margin of the control loop; therefore, if a capacitor is chosen with an inadequate
ESR, stability might be compromised. Use Equation 14 to calculate the required ESR to place the ESR zero in the
recommended range:

1

ESR=—_ 1
(EQ.14) 2n(fzesr)(Coyt)

In conclusion, the output capacitors must meet three criteria:

= They must have sufficient bulk capacitance to sustain the output voltage during a load transient while the output
inductor current is slewing to the value of the load transient.

= The ESR must be sufficiently low to meet the required output voltage ripple due to the output inductor current.
= The ESR zero should be placed, in a rather large range, to provide additional phase margin.

5.5.3 Output Inductor Selection

Once the output capacitors are selected, the maximum allowable ripple voltage (Vp_ppax)) determines the lower
limit on the inductance as shown in Equation 15.

V-V \
(EQ. 15) LOUTZESR{( iNn~YouT) OUT}
fs X Vin x Vp_pmax)

Because the output capacitors are supplying a decreasing portion of the load current while the regulator recovers
from the transient, the capacitor voltage becomes slightly depleted. The output inductor must be capable of
assuming the entire load current before the output voltage decreases more than AV)ax. This places an upper limit

on inductance.

Equation 16 gives the upper limit on output inductance for the case when the trailing edge of the current transient
causes a greater output voltage deviation than the leading edge. Equation 17 addresses the leading edge.
Normally, the trailing edge dictates the inductance selection because duty cycles are usually <50%. Nevertheless,
both inequalities should be evaluated, and inductance should be governed based on the lower of the two results.
In each equation, Loyt is the output inductance, Coyr is the total output capacitance, and Al p_p) is the peak-to-

peak ripple current in the output inductor.

2-Coyt-Vour
(EQ. 16) LOUTSW[AVMAX_(AIL(P-P)' ESR)}
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2-Coyr
(EQ.17) Loyr= m[AVMAx ~ (Al ppy ESR)}(VIN _VOUT)

Another concern when selecting an output inductor is to ensure there is adequate slope compensation when the
regulator is operated above 50% duty cycle. Because the internal slope compensation is fixed, output inductance
should satisfy Equation 18 to ensure this requirement is met.

4.32uH
EQ. 18
(EQ. 18) Lout= Number of LXx Pins Connected

554 Input Capacitor Selection

Input capacitors are responsible for sourcing the AC component of the input current flowing into the switching
power devices. Their RMS current capacity must be sufficient to handle the AC component of the current drawn
by the switching power devices, which is related to duty cycle. The maximum RMS current required by the
regulator is closely approximated by Equation 19.

\

Vin-Vour V
(EQ.19) | _ O_UTX[. 2+1X[ in—Vour om]?]
RMSpmax Viy  LOUTMMAX) 2% (Lo rxfy ~ Viy

The important parameters to consider when selecting an input capacitor are the voltage rating and the RMS ripple
current rating. For reliable operation, select capacitors with voltage ratings at least 1.5x greater than the maximum
input voltage. The capacitor RMS ripple current rating should be higher than the largest RMS ripple current
required by the circuit.

Ceramic capacitors with X7R dielectric are recommended. Alternately, a combination of low ESR solid tantalum
capacitors and ceramic capacitors with X7R dielectric can be used. The ISL71001M requires a minimum effective
input capacitance of 100uF for stable operation.

6. PCB Design

PCB design is critical to high-frequency switching regulator performance. Careful component placement and trace
routing are necessary to reduce voltage spikes and minimize undesirable voltage drops. Selection of a suitable
thermal interface material is also required for optimum heat dissipation and to provide lead strain relief.

6.1 PCB Plane Allocation

Four layers of 2 oz. copper are recommended. Layer 2 should be a dedicated ground plane with all critical
component ground connections made with vias to this layer. Layer 3 should be a dedicated power plane split
between the input and output power rails. Layers 1 and 4 should be used primarily for signals but can also provide
additional power and ground islands, as required.

6.2 PCB Component Placement

Components should be placed as close as possible to the IC to minimize stray inductance and resistance.
Prioritize the placement of bypass capacitors on the pins of the IC in the order shown: REF, SS, AVvDD, DVDD,
PVINXx (high frequency capacitors), EN, PGOOD, PVINXx (bulk capacitors).

Locate the output voltage resistive divider as close as possible to the FB pin of the IC. The top leg of the divider
should connect directly to the POL (Point of Load), and the bottom leg of the divider should connect directly to
AGND. The junction of the resistive divider should connect directly to the FB pin.
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A small series R-C snubber connected from the LXx pins to the PGNDx pins can be used to damp high frequency
ringing on the LXx pins, if required, see Figure 30.

MY g
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|

Error
Amplifier

|
. r4FB
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[
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Figure 30. R-C Snubber

6.3 PCB Layout

Use a small island of copper to connect the LXx pins of the IC to the output inductor on Layers 1 and 4. To
minimize capacitive coupling to the power and ground planes, void the copper on Layers 2 and 3 adjacent to the
island. Keep all other signal traces as short as possible.

6.4 Package Thermal Management

For optimum thermal performance, place a pattern of vias and a thermal land on the top layer of the PCB directly
underneath the EPAD. Connect the vias to the plane which serves as a heatsink. To ensure good thermal contact
use solder to connect the EPAD to the thermal land on the PCB. The ISL71001M weighs 0.29 grams.

7. Radiation Tolerance

The ISL71001M 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 response to Total
lonizing Dose (TID) radiation effects and Single-Event Effects (SEE) has been measured, characterized, and
reported in the following sections. The TID performance of the ISL71001M30NZ is radiation lot acceptance tested
(RLAT) to 30krad(Si) and the ISL71001M50NZ is RLAT to 50krad(Si). The ISL71001MNZ is not guaranteed
through radiation acceptance testing.

71 Total lonizing Dose (TID) Testing

711 Introduction

This test was conducted to determine the sensitivity of the part to the total dose environment. Down points were
Okrad(Si), 10krad(Si), 20krad(Si), 30krad(Si), 40krad(Si), and 50krad(Si). The irradiations were followed by a
biased anneal for 168 hours at +100°C.

Total dose testing was performed using a Hopewell Designs N40 panoramic 80Co irradiator. The irradiations were
performed at 0.00875rad(Si)/s. A PbAl box was used to shield the test fixture and devices under test against low
energy secondary gamma radiation.

The characterization matrix consisted of 23 samples irradiated under bias and 21 samples irradiated with all pins
grounded. Five control units were used to ensure repeatable data. The bias configuration is shown in Figure 31.
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0.1uF | 10 BN
J1H AVDD PVINXx
T = 0.1pF f—l_10pF
— PGNDx
1uF ;1; v pvoD AGNDx
— +HVW\—| PGOOD DGNDx
100k 10k PORSEL
B 88 I 0.10F
0.22uF
47k REF — |} 0.22u
1MHz 50% »| SYNC LX; > 1MHz 10%
Duty Cycle % Duty Cycle
Notes: =

Viy = 5.5V, -0V, +0.2V

Figure 31. Irradiation Bias Configuration for the 1IS71001M

All electrical testing was performed outside the irradiator using the production Automated Test Equipment (ATE),
with data logging at each down point (including anneal). Down-point electrical testing was performed at room
temperature.

71.2 Results

Table 1 summarizes the attributes data.
Table 1. ISL71001M Total Dose Test Attributes Data

(::::: (Z:;;:) Bias Sample Size 22:’:: Bin 1[1] Rejects

Pre-rad 23

10krad(Si) 23 0

20krad(Si) 23 0

8.75 Figure 31 23 30krad(Si) 23 0

40krad(Si) 23 0

50krad(Si) 23 0

Anneal 23 0
Pre-rad 21

10krad(Si) 21 0

20krad(Si) 21 0

8.75 Grounded 21 30krad(Si) 21 0

40krad(Si) 21 0

50krad(Si) 21 0

Anneal 21 0

1. Bin 1 indicates a device that passes all datasheet specification limits

The plots in Figure 32 through Figure 36 show data for key parameters at all down points. The plots show the
average as a function of total dose for each of the irradiation conditions; we chose to use the average because of
the relatively large sample sizes. All parts showed excellent stability over irradiation.

Table 2 shows the average of other key parameters with respect to total dose in tabular form.
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7.2 Data Plots
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7.21

Conclusion
ATE characterization testing showed no rejects to the datasheet limits at all down points. Variables data for

selected parameters is presented in Figure 32 through Figure 36. No differences between biased and unbiased
irradiation were noted, and the part is not considered bias sensitive.

Table 2. ISL71001M Response of Key Parameters vs TID

Parameter Condition Bias Okrad(Si) | 10krad(Si) 30krad(Si) 50krad(Si) A:(r)\ztal Unit
Biased 26.238 26.268 26.209 26.390 26.493
3.6V Supply
Operating Supply Grounded 26.468 26.437 26.307 26.516 26.437 A
Current Biased 42.009 41.882 42.905 42.989 43.191
5.5V Supply
Grounded 42.205 42.118 42.918 43.022 43.065
Biased 1.224 1.233 1.219 1.253 1.232
3.6V Supply
Shutdown Supply Grounded 1.218 1.216 1.222 1.244 1.225 A
Current Biased 1.554 1.649 1.570 1.607 1.581
5.5V Supply
Grounded 1.535 1.561 1.562 1.575 1.555
Biased 0.598 0.597 0.596 0.600 0.600
3.6V Supply
Grounded 0.598 0.597 0.597 0.599 0.600
Reference Voltage \Y
Biased 0.598 0.597 0.596 0.600 0.601
5.5V Supply
Grounded 0.597 0.597 0.596 0.599 0.600
Feedback Pin Leakage ) Biased 0.009 0.007 -0.025 0.000 0.012 A
Current Grounded 0.007 0.017 -0.019 -0.001 -0.012
Biased 990.410 988.950 990.713 989.868 992.423
Oscillator Accuracy - kHz
Grounded 1000.587 999.030 1001.332 1002.197 1000.806
Biased 143.034 143.059 143.263 143.960 144.901
3.6V Supply
Grounded 143.223 143.413 143.093 143.882 144.267
Minimum LXx ON Time ns
Biased 107.670 107.845 108.389 108.705 109.250
5.5V Supply
Grounded 107.556 107.834 108.032 108.268 108.417
Biased 64.166 63.663 61.899 62.061 62.487
3.6V Supply
Grounded 64.176 63.779 61.490 61.858 61.727
Minimum LXx OFF Time ns
Biased 43.739 44.763 43.402 39.518 40.498
5.5V Supply
Grounded 44.030 44.571 42.413 39.664 39.829
Biased 1.683 1.685 1.680 1.682 1.683
3.6V Supply
SYNC Input HIGH Grounded 1.688 1.682 1.678 1.687 1.680 v
Threshold Biased 1.700 1.700 1.700 1.700 1.700
5.5V Supply
Grounded 1.700 1.700 1.696 1.700 1.695
Biased 1.493 1.503 1.489 1.487 1.490
3.6V Supply
SYNC Input LOW Grounded 1.495 1.510 1.482 1.487 1.487 v
Threshold Biased 1.500 1.500 1.489 1.488 1.490
5.5V Supply
Grounded 1.50 1.50 1.48 1.49 1.49
Biased 136.667 138.333 120.000 140.000 138.333
3.6V Supply
SYNC Output LOW Grounded 138.333 138.333 126.667 140.000 138.333 v
Voltage Biased 123.333 121.667 120.000 121.667 120.000
5.5V Supply
Grounded 123.333 120.000 120.000 120.000 120.000
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Table 2. ISL71001M Response of Key Parameters vs TID (Cont.)

Parameter Condition Bias Okrad(Si) | 10krad(Si) 30krad(Si) 50krad(Si) A:(:\Ztal Unit
Biased 160.000 160.000 136.364 160.000 160.000
SYNC Output HIGH 3.6V Supply
p Grounded 161.667 160.000 157.778 160.000 168.333
Voltage - mV
Vin-Vonatlon =1mA | g oo Biased 136.667 136.667 129.091 140.000 140.000
Grounded 140.000 140.000 140.000 140.000 140.000
. Biased 138.931 140.619 141.502 142.192 141.294
Upper Device rpgon) Al ) mo
Power Blocks in Paralle! Grounded 138.838 | 141.043 141.743 142.516 142.232
Lower Device roson Al _ Biased 78.190 81.152 78.034 78.744 77.667 L
Power Blocks in Parallel Grounded 77.741 80.186 77.474 77.994 77.550
LXx Output Leakage, LX ] Biased 0.015 0.006 0.021 0.017 0.002 A
LOW Grounded 0.021 0.004 0.007 0.020 0.006
LXx Output Leakage, LX ] Biased 0.028 0.016 0.028 0.028 0.016 A
HIGH Grounded 0.024 0.016 0.030 0.033 0.018
PORSEL = Biased 2.798 2.797 2.801 2.784 2.794
GND Grounded 2.798 2.799 2.801 2.782 2.786
VIN POR Start Voltage Vv
PORSEL = Biased 4.298 4.298 4.292 4.293 4.295
bvDD Grounded 4.297 4.297 4.295 4.292 4.290
s Biased 111.847 112.013 112.151 111.653 111.428
3.6V Supply
PGOOD Threshold, Grounded 112.019 112.157 112.195 111.790 111.643
Rising Vgg as a - %
percentage of Vegr 5.5V Supply Biased 111.847 112.013 112.112 111.618 111.463
Grounded 112.019 112.157 112.195 111.790 111.643
Biased 88.627 88.793 88.905 88.487 88.330
3.6V Supply
PGOOD Threshold, Grounded 88.671 88.851 88.778 88.533 88.374
Falling Vgg as a - %
percentage of Vegr 5.5V Supply Biased 88.662 88.793 88.905 88.522 88.330
Grounded 88.671 88.851 88.825 88.603 88.374
5.6V Suonl Biased 3.589 3.594 3.618 3.650 3.575
- .8V Supply
PGOOD Hysteresis, Grounded 3.627 3.596 3.668 3.584 3.545
Rising Vgg as a - %
percentage of Vagr 5.5V Supply Biased 3.694 3.735 3.733 3.650 3.750
Grounded 3.733 3.773 3.809 3.724 3.720
5.6V Suonl Biased 3.659 3.629 3.618 3.686 3.645
- .8V Supply
PGOOD Hysteresis, Grounded 3.662 3.702 3.668 3.689 3.580
Falling Vgg as a - %
percentage of Vegr 5.5V Supply Biased 3.730 3.770 3.733 3.721 3.751
Grounded 3.803 3.737 3.762 3.654 3.790
Biased 0.000 -0.001 -0.001 0.019 0.015
PGOOD Leakage 5.5V Supply MA
Grounded -0.005 -0.004 0.000 0.006 0.004
Undervoltage Trip 3.6V Supply Biased 75.479 75.300 75.730 75.368 74.943 "
Threshold Grounded 75.548 75.315 75.616 75.346 75.259
Undervoltage Recovery | 4 Supply Biased 88.249 88.003 88.186 88.139 87.918 y
. 0
Threshold Grounded 88.242 88.035 88.135 87.892 87.713
Biased 1.703 1.714 1.736 1.730 1.754
3.6V Supply
Overcurrent Trip Grounded 1.745 1.740 1.759 1.768 1.772 A
Threshold Biased 1.891 1.917 1.914 1.917 1.945
5.5V Supply
Grounded 1.917 1.922 1.939 1.950 1.951
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7.3 Single-Event Effects Testing

7.31 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 following is a summary of the SEE testing of the ISL71001M.

7.3.2 SEE Test Setup

Testing was performed at the Texas A&M University (TAMU) Cyclotron Institute heavy ion facility. This facility is
coupled to a K500 super-conducting cyclotron, which is capable of generating a wide range of test particles with
the various energy, flux, and fluence level needed for advanced radiation testing.

A schematic of the ISL71001M SEE test circuit is shown in Figure 39. The test circuit is a synchronous buck
DC/DC converter configured to accept an input voltage from 3V to 5.5V and generate a nominal 1.8V output
voltage. Output current was adjusted using a constant current electronic load.

Four test circuits were mounted to a test jig, which could be rotated with respect to the ion beam. A 20 foot coaxial
cable connected the test jig to a switch box in the control room, which contained all of the monitoring equipment.
The switch box allowed any one of the four test circuits to be controlled and monitored remotely.

Digital multimeters were used to monitor input voltage (V|y), output voltage (Voyt) and input current (ljy). Four

LeCroy 4-channel digital oscilloscopes were used to monitor, capture, and store key signal waveforms. Table 3
shows the scope configuration used during the testing. APW and AT refer to change in pulse width and change in
period, respectively.

Table 3. ISL71001M Scope Channel Set-Up

SCOPE CH1 CH 2 CH3 CH4 TRIGGER
1 LX VOUT SS PGOOD LX (APW = £20%)
2 LX VOouUT SS PGOOD LX (AT = +10%)
3 LX VOUT SS PGOOD LX (AT =-10%)
4 LX VOuUT SS PGOOD PGOOD (<2.5V)

7.3.3 SEL, SEB, and SEGR Testing Results

During SEL, SEB, and SEGR testing, the input voltage (V|y) was initially set to 5.5V, which is the maximum
recommended supply voltage rating for the device, and then increased in 0.1V increments. Output voltage (Vo)
was set to 1.8V. Output current (Igy1) was set to 7A, which is 1A above the 6A maximum recommended current

rating for the device. Case temperature was maintained at +125°C by controlling current flowing into a resistive
heat pad bonded to the underside of the DUT. DUTs were irradiated with Ag ions at a 0° incident angle, resulting in

an LET of 43MeVscm2/mg.

Operating input current was measured pre-radiation and post-radiation resulting in <1% increase on four devices
at the highest passing supply voltage of 5.7V. The criterion for failure was a greater than 5% increase in operating
input current (I)y) at gyt = OA.

7.34 Single Event Transient Testing

Single Event Transient (SET) testing was conducted with 5V input and 3V input. In both cases the output voltage
was 1.8V and load current of 4A.
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The plots in Figure 37 and Figure 38 show the typical SET performance of the ISL71001M.
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Figure 37. Set Response with 5.5V Input, AVgyr <1%

Amplitude (V)

20 - " o - - v . v ,

18 e o t - t 1l
16+

14

L R B b o o o o i o B o i

12| !

10} B A 4 | |

FIRErrry errrrrtirrresy
8-;--;-hlm_h-hﬂ,ummh.hupnlhn-
6 |
e I I I

4 = 10 x Vour
RIS RE ST SLAR N I WS T SR RE R B LR S SN
——— Phase + 0V ‘

——— Sync + 5V

el | ~ ——PGOOD |

-6 -4 -2 0 2 4 6 8 10 12 14

Time (s) x108

Figure 38. Set Response with 3V Input, AVgyr <1%

7.3.5 Conclusion

The SEE test results clearly demonstrate that the ISL71001M is robust against SEL, SEB, and SEGR to an LET of

43MeV-cm?2/mg at an input voltage up to 5.7V, an output current up to 7A and a case temperature up to +125°C.
SET characterization showed the response to be a less than 1% perturbation of the output voltage to an effective

LET of 43MeVe.cm?2/mg.
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Figure 39. Simplified Schematic of ISL71001M SEE Test Circuit

Package Outline Drawing

The package outline drawing is located at the end of this document and is accessible from the Renesas website.
The package information is the most current data available and is subject to change without revision of this

document.

9.

Ordering Information

Radiation TID Data Package
Part Numberl1] Part Lot Pack Description Pkg. MSL Carrier Temp. Rande
Marking | Acceptance (RoHS Dwg. # Rating[2l | Typel3] p- 9
. Included .
Testing Compliant)

ISL71001MNZ Tray

71001MNZ N/A No 64LdePAD 1 64 10x104 3 55 t0 +125°C
ISL71001MNZ-T TQFP Reel, 1k
ISL71001M30NZ Tray

71001MNZ 30krad(Si) Yes 64Ld ePAD Q64.10x10J 3 -55 to +125°C
ISL71001M30NZ-T TQFP Reel, 1k
ISL71001M50NZ Tray

71001MNZ 50krad(Si) Yes 64Ld ePAD Q64.10x10J 3 -55 to +125°C
ISL71001M50NZ-T TQFP Reel, 1k
ISL71001MEVAL1Z | Evaluation Board

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

3. See TB347 for details about reel specifications.
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10. Revision History

Rev.

Date

Description

3.00

May 30, 2025

Applied latest template.
Added M30 and M50 part information throughout.

Updated POD Q64.10x10J to the latest revision; changes are as follows:

= Updated POD to conform to the One Renesas template.
Added ECAD Design Information sections.

2.3

Feb 15, 2023

Updated Figures 31 through 34.

22

Aug 2, 2021

Updated Ordering information table format.
Updated Note 3 to provide more navigation details for customers.

2.1

Apr 30, 2020

Updated Switching Frequency/Synchronization section.

2.0

Oct 14, 2019

Updated links throughout document.
Updated Figures 3, 4, and 37.
Updated LXx pin description.

Removed Max Continuous Package Power Dissipation spec from thermal table.

Updated Overcurrent Protection section.

1.0

Mar 26, 2018

Updated to latest layout.
Added Outgassing Feature bullet.

Updated Ordering information by adding -T part to table and updated Note 1.

Added Outgassing specification information.
Updated Figure 21.
Removed About Intersil section and updated disclaimer.

0.0

Mar 24, 2017

Initial release
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A. ECAD Design Information

This information supports the development of the PCB ECAD model for this device. It is intended to be used by

PCB designers.

AA1 Part Number Indexing

Orderable Part Number Number of Pins Package Type Package Code/POD Number
ISL71001MNZ 64 EP-TQFP Q64.10x10J/PTO064AA
ISL71001MNZ-T 64 EP-TQFP Q64.10x10J/PTO064AA
ISL71001M30NZ 64 EP-TQFP Q64.10x10J/PTO064AA
ISL71001M30NZ-T 64 EP-TQFP Q64.10x10J/PTO064AA
ISL71001M50NZ 64 EP-TQFP Q64.10x10J/PTO064AA
ISL71001M50NZ-T 64 EP-TQFP Q64.10x10J/PTO064AA

A.2  Symbol Pin Information

A.2.1 64-EP-TQFP

Pin Number Primary Pin Name Primary Electrical Type Alternate Pin Name(s)

M/S Input -
2 DGND Power -
3 DGND Power -
4 DGND Power -
5 PGOOD Open Collector -
6 SS Passive -
7 NC Passive -
8 DVDD Power -
9 DVDD Power -
10 DVDD Power -
1 DGND Power -
12 DGND Power -
13 DGND Power -
14 AGND Power -
15 AGND Power -
16 NC Passive -
17 NC Passive -
18 AVDD Power -
19 REF Output -
20 FB Input -
21 EN Input -
22 PORSEL Input -
23 NC Passive -
24 PVING Power -
25 PVING Power -
26 LX6 Power -
27 LX6 Power -
28 PGND6 Power -
29 PGND6 Power -
30 PGND5 Power -
31 PGND5 Power -
32 NC Passive -
33 NC Passive -
34 LX5 Power -
35 LX5 Power -
36 PVINS Power -
37 PVINS Power -
38 PVIN4 Power -

FN8926 Rev.3.00
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Pin Number Primary Pin Name Primary Electrical Type Alternate Pin Name(s)
39 PVIN4 Power -
40 LX4 Power -
41 LX4 Power -
42 PGND4 Power -
43 PGND4 Power -
44 PGND3 Power -
45 PGND3 Power -
46 LX3 Power -
47 LX3 Power -
48 NC Passive -
49 NC Passive -
50 PVIN3 Power -
51 PVIN3 Power -
52 PVIN2 Power -
53 PVIN2 Power -
54 LX2 Power -
55 LX2 Power -
56 PGND2 Power -
57 PGND2 Power -
58 PGND1 Power -
59 PGND1 Power -
60 LX1 Power -
61 LX1 Power -
62 PVIN1 Power -
63 PVIN1 Power -
64 SYNC 1/10 -

EPAD65 GND Power -
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A.3  Symbol Parameters

Min Max Max Switchin
Orderable Part | Qualificati Radiation Mountin Operating Operating | MinInput | MaxInput 9
e LDR RoHS Output | Frequenc
Number on Qualification g Type Temperatur | Temperatur | Voltage | Voltage Current y
e e
ISL71001MNZ Space Radiation . SMD | Compliant| -55°C 125 °C 3V 55V 6A 1 MHz
Tolerant
ISL71001MNZ-T | Space R’Ticl‘::ﬂ‘ - SMD | Compliant| -55°C 125 °C 3V 55V 6A 1 MHz
Radiation 30 ) o o
ISL71001M30NZ | Space Toerant | krad(si)| SMD | Compliant | -55°C 125 °C 3V 55V 6A 1 MHz
Radiation 30 . o o
ISL71001M30NZ-T |  Space .| svD |compliant| -55°C 125 °C 3V 55V 6A 1 MHz
Tolerant krad(Si)
ISL71001M50NZ | Space Radiation 50 SMD | Compliant| -55°C 125 °C 3V 55V 6A 1 MHz
P Tolerant | krad(Si) P :
Radiation 50 . o o
ISL71001M50NZ-T |  Space .| svD |compliant| -55°C 125 °C 3V 55V 6A 1 MHz
Tolerant krad(Si)
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A4
A4.1

Footprint Design Information
64-EP-TQFP

IPC Footprint Type

Package Code/ POD Number

Number of Pins

QFP Q64.10x10J/PT0064AA 64
Description Dimension Value (mm) Diagram
Minimum lead span (vertical side) Dmin 11.90 =
Maximum lead span (vertical side) Dmax 12.10 N B B non |
Minimum lead span (horizontal side) Emin 11.90 |
Maximum lead span (horizontal side) Emax 12.10
Minimum body span (vertical side) D1min 9.90
Maximum body span (vertical side) D1max 10.10 ‘
Minimum body span (horizontal side) E1min 9.90 ‘
Maximum body span (horizontal side) E1max 10.10 | 7‘” - D
Minimum Lead Width Bmin 0.17 |
Maximum Lead Width Bmax 0.27 ‘
Number of pins (vertical side) PinCountD 16
Number of pins (horizontal side) PinCountE 16
Distance between the center of any two adjacent pins Pitch 0.50 e— o,
Location of pin 1; S2 = corner of D side, C1 = center of E side Pin1 S2 E1
Minimum thermal pad size (vertical side) D2min 7.15 Bottom View
Maximum thermal pad size (vertical side) D2max 7.45
Minimum thermal pad size (horizontal side) E2min 7.15
Maximum thermal pad size (horizontal side) E2max 7.45
Minimum Lead Length Lmin 0.45
Maximum Lead Length Lmax 0.75
Maximum Height Amax 1.20
Minimum Standoff Height A1min 0.05 Side View
Minimum Lead Thickness cmin 0.09
Maximum Lead Thickness cmax 0.20
Recommended Land Pattern
Description Dimension Value (mm) Diagram
Distance between left pad toe to right pad toe (horizontal side) ZE 12.60 -
Distance between top pad toe to bottom pad toe (vertical side) ZD 12.60 . H| p r
Distance between left pad heel to right pad heel (horizontal o o r
side) GE 10.20 | P
Eiids;a)mce between top pad heel to bottom pad heel (vertical GD 10.20 g 1
Pad Width X 0.30 - __"_ oo
| |
; |
Pad Length Y 1.20 YI
« GE
PCB Top View
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Package Outline Drawing

Q64.10x10J
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