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The ISL98607IRTZR5622 is a high-efficiency power supply for
small size displays, like smart phones, requiring xsupply rails.
It integrates a boost regulator, LDO, and inverting charge pump
that are used to generate two output rails: +5.5V (default) and
-5.5V (default). The output voltages can be adjusted up to
+5.7V with 50mV steps using the I2C interface.

The device integrates synchronous rectification MOSFETs for
the boost regulator and inverting charge pump, which
maximizes conversion efficiency.

ISL98607IRTZR5622 integrates all compensation and
feedback components, which minimizes BOM count and
reduces the solution PCB size to 21mm?2.

The input voltage range, high-efficiency operation, and also
very low shutdown current make the device ideal for use in
single cell Li-ion battery operated applications.

The ISL98607IRTZR5622 is offered in a 20 Ld 3x4mm2 TQFN
package, and the device is specified for operation across the
-40°C to +85°C ambient temperature range.

Related Literature

* For a full list of related documents, visit our website
- ISL98607IRTZR5622 product page

Features

* Two outputs:
- VP = +5.5V (default)
- VN =-5.5V (default)

« 21mm? solution PCB area

* 20 Ld 3x4mm?2 TQFN
* Pb-free (ROHS compliant)

Applications

* TFT-LCD smart phone displays
* Small size/handheld displays

1pA shutdown supply current

2.8V to 4.8V input voltage range
>85% efficiency with 20mA load between VP and VN

Fully integrated FETs for synchronous rectification
Integrated compensation and feedback circuits
12c adjustable output voltages and settings

Integrated VP/VN discharge resistors
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FIGURE 1. TYPICAL APPLICATION CIRCUIT: TFT-LCD SMART PHONE DISPLAY
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ISL98607IRTZR5622

Block Diagram
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FIGURE 2. BLOCK DIAGRAM

Ordering Information

PART PART TEMP RANGE PACKAGE PKG.
NUMBER MARKING (°C) (RoHS COMPLIANT) DWG. #
ISL98607IRTZR5622 (Notes 1, 2, 3) 607R -40 to +85 20 LD 3x4 TQFN L20.3x4A

NOTES:
1. Add “T” suffix for 6k unit tape and reel option. Refer to TB347 for details on reel specifications.

2. These Intersil Pb-free plastic packaged products employ special Pb-free material sets, molding compounds/die attach materials, and 100% matte
tin plate plus anneal (e3 termination finish, which is RoHS compliant and compatible with both SnPb and Pb-free soldering operations). Intersil
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.

3. For Moisture Sensitivity Level (MSL), see product information page for ISL98607IRTZR5622. For more information on MSL, see tech brief TB363.
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ISL98607IRTZR5622

Pin Configuration

Pin Descriptions

ISL98607IRTZR5622

(20 LD 3x4 TQFN)
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PIN NUMBER PIN NAME DESCRIPTION
15, 16 PGND Power ground for the boost converter.
18 DNC Do not connect to external circuitry. This pin should be left floating.
19, 20 VP VP Output. Connect a 10uF capacitor to ground. These two pins must always be shorted together on

the PCB.

17 LXP Switch node for boost converter. Connect an inductor between the VIN and LXP pins for boost
converter operation.

1 VBST Boost Converter Output. The boost converter output supplies the power to the negative charge pump
and LDO. Connect a 10uF capacitor to ground.

2 VBSTCP Charge pump input. This pin must be connected to VBST on the PCB, so that the boost regulator
provides the input voltage supply for the charge pump.

14 AGND Analog ground.

12 ENN VBST and VN enable input. Note, this pin has 200kQ (typ) pull-down to AGND.

9 ENP VBST and VP enable input. Note, this pin has 200kQ (typ) pull-down to AGND.

3 CP Charge pump positive connection. Place a capacitor between CP and CN to create the VN voltage.

13 VIN Input Supply. Connect a 10puF to ground.

10 SDA Serial Data Connection for 12C Interface.

8 SCL Serial Clock Connection for I2C Interface.

4 PGND Power ground for the negative charge pump.

11 DNC Do not connect to external circuitry. This pin should be left floating.

7 VSUB Substrate connection. VSUB must be the most negative potential on the IC, connect VSUB to VN.

6 VN Negative charge pump output. Connect a 10uF capacitor to ground. Connecting two 10puF capacitors
to ground will lower the negative charge pump output voltage ripple.

5 CN Charge pump negative connection. Place a capacitor between CP and CN to generate the VN voltage.

Thermal Pad Connect to ground plane on PCB to maximize the thermal performance.

FN8651 Rev.1.00
Jan 9, 2018




ISL98607IRTZR5622

Absolute Maximum Ratings

Thermal Information

VBST, VBSTCP,CP,VPtoAGND..........cciviiiiinnnnnnnnn -0.3Vto 7V Thermal Resistance (Typical) 0)a (°C/W) 0, (°C/W)
VN,VSUBtOAGND ...... ..ottt i enaas +0.3Vto -7V 20 Ld 3x4 TQFN (Notes 4,5). ........... 48 16
VIN, SCL, SDA, ENN,ENPto AGND . . .......coiiviinnnnnnt, -0.3Vto 6V Maximum Junction Temperature .. ..........oovvveeenennnnns +125°C
LXPtoOAGND . ....cii ittt eianas -0.3V to VBST + 0.3V Storage Temperature Range. ......................s -65°C to +150°C
CNtOAGND .......ovviiiiiiiiii s VN - 0.3V to PGND + 0.3V Pb-Free Reflow Profile . . .........coiiiiiieiiiininennn, see TB493
Maximum Average Current
o XP PG Recommended Operating Conditions
INtOVN,CN,CP Pin. ...... ...t e e e 1A Ambient Temperature Range ..............covvnnnnn. -40°Cto +85°C
ESD Rating VIN i i e et e e e e et e e e 2.8Vto 4.8V
Human Body Model (Tested per JESD22-A114)................. 2kv VP e e +5.5V to +5.7V
Charged Device Model (Tested per JESD22-C101). ............. 750V VN i i e e et -5.5V to -5.7V
Latch-Up (Tested per JESD78; Class Il, Level A) ................ 100mA 1Y/ ) [ +5.65V to +6.0V
Output Current Maximum (between VP andVN) ............... 100mA

CAUTION: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such conditions may adversely impact product

reliability and result in failures not covered by warranty.

NOTES:

4. 0jp is measured in free air with the component mounted on a high-effective thermal conductivity test board with “direct attach” features. See Tech

Brief TB379.

5. For 0, the “case temp” location is the center of the exposed metal pad on the package underside.

Electrical Specifications ViN = 3.7V, unless otherwise noted. Typical specifications are characterized at Ty = +25°C unless otherwise
noted. Boldface limits apply across the operating temperature range, -40°C to +85°C.

DESCRIPTION PARAMETER TEST CONDITIONS (&) TYP (&) UNITS

GENERAL

VIN Supply Voltage Range VIN 2.8 4.8 '
VIN Supply Current N ENP = ENN = 3.7V 620 900 uA

Enabled, LXP not switching

VIN Supply Current when Shutdown ISHUTDN ENP = ENN =0V 1 3 uA
Undervoltage Lockout Threshold VuviLo V| rising 2.40 2.52 2.65 \'
Undervoltage Lockout Hysteresis VuvLo_Hys |5ms falling 216 mV
BOOST REGULATOR (VBST)

VBST Output Voltage VvesT Register VBST_OUT = 0x00, no load 5.65

Boost nFET Current Limit ILiM_vBsT 1.2 1.4 18
Low-Side Switch ON-Resistance roN_vBsTH |Ta=*25°C, I oap_vBsT = 100mA, LXP to PGND 137 mQ
High-Side Switch ON-Resistance roN_VBSTL |TA =+25°C, I oap_vBsST = 100mA, LXP to VBST 220 mQ
LXP Leakage Current IL_Lxp VLXP = 6V, ENP = ENN = OV 10 uA
Boost Minimum Duty Cycle DmiN Boost frequency = 1.45MHz 12,5 %
Boost Maximum Duty Cycle Dpax Boost frequency = 1.45MHz 91 %
Boost Switching Frequency fswv_vest |Boost frequency = default 1.30 1.45 1.60 MHz
Boost Soft-Start Time tss_vest |CvBsT = 101F (not derated), ViN > VyyLo 0.7 2 ms
NEGATIVE REGULATOR (VN)

VN Output Voltage VyN VN_OUT = 0x00, No Load -5.5 \"
VN Output Voltage Accuracy Vacc_vN VN_OUT = 0x00, VBST_OUT = 0x00, -2 2 %

-30mA <l oap_vN < OmA

Charge Pump Switching Frequency fsw_vN CP Frequency = default, 50% duty cycle 1.30 1.45 1.60 MHz
Charge Pump Leakage Current IL_cp CP pin. CP = 6V. ENN = OV 10 uA
VN Discharge Resistance RpcH v |VN=-1V 35 Q
VN Soft-Start Time tss_vN 0.7 2 ms
FN8651 Rev.1.00 Page 5 of 24
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ISL98607IRTZR5622

Electrical Specifications V|n = 3.7V, unless otherwise noted. Typical specifications are characterized at Ty = +25°C unless otherwise
noted. Boldface limits apply across the operating temperature range, -40°C to +85°C. (Continued)

MIN MAX
DESCRIPTION PARAMETER TEST CONDITIONS (Note 6) | TYP (Note 6) | UNITS
POSITIVE REGULATOR (VP)
VP Output Voltage Vyp VBST_OUT = 0x00, no load 5.5 \'
VP Output Voltage Accuracy Vacc_vp  |VP_OUT = 0x00, VBST_OUT = 0x00, -2 2 %
OmA < ILOAD_VP <30mA
VP Dropout Voltage VDRP_VP ILOAD_VP =100mA 100 mV
VP Leakage Current ILim_vp VP pin. VP = 0V, ENP = OV 2 uA
VP Discharge Resistance Rpch_vp |VP=1V 80 Q
VP Soft-Start tss_vp 0.7 2 ms
PROTECTION
Thermal Shutdown Temperature Torr Die temperature (rising) when the device will 130 °C
disable/shutdown all outputs until it cools by Tys°C
Thermal Shutdown Hysteresis THys Die temperature below Topp°C when the device will 10 °C
re-enable the outputs after shutdown
VP Undervoltage Protection Threshold Vuvp_vp 0.6 x VP \'
VN Undervoltage Protection Threshold Vuvp_VN 0.6 x VN v
LOGIC/DIGITAL
Logic Input Low Voltage ViL ENN, ENP, SCL, SDA 0.4 Vv
Logic Input High Voltage ViH ENN, ENP, SCL, SDA 11 \'
12C SCL Clock Frequency foLk (Note 7) 400 kHz
Debounce Time tq ENN, ENP 10 Hus
Internal Pull-Down Resistance REN ENN, ENP 200 kQ

NOTES:

6. Parameters with MIN and/or MAX limits are 100% tested at +25°C, unless otherwise specified. Temperature limits established by characterization

and are not production tested.

7. For more detailed information regarding I2C timing characteristics refer to Table 1 on page 11.

FN8651 Rev.1.00
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ISL98607IRTZR5622

Typical Performance Curves Tp = +25°C, V) = 3.7V, Registers VP_OUT, VN_OUT, and VBST_OUT = 0x00,

1239AS-H-4R7M Toko Inductor, Cygst = 10uF/0402, Cyp = 10uF/0402, and Cyn= 2 x 10pF/0402, unless otherwise noted.
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ISL98607IRTZR5622

Typical Performance Curves Tp = +25°C, V) = 3.7V, Registers VP_OUT, VN_OUT, and VBST_OUT = 0x00,

1239AS-H-4R7M Toko Inductor, Cygst = 10uF/0402, Cyp = 10uF/0402, and Cyn= 2 x 10uF/0402, unless otherwise noted. (Continued)
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ISL98607IRTZR5622

Typical Performance Curves Tp = +25°C, V) = 3.7V, Registers VP_OUT, VN_OUT, and VBST_OUT = 0x00,

1239AS-H-4R7M Toko Inductor, Cygst = 10uF/0402, Cyp = 10uF/0402, and Cyn= 2 x 10uF/0402, unless otherwise noted. (Continued)
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ISL98607IRTZR5622

Application Information

12C Digital Interface

The ISL98607IRTZR5622 uses a standard I2C interface bus for
communication. The two-wire interface links master and
uniquely addressable slave devices. The master generates clock
signals and is responsible for initiating data transfers. The serial
clock is on the SCL line and the serial data (bidirectional) is on
the SDA line. The ISL98607IRTZR5622 supports clock rates up
to 400kHz (Fast mode), and is backward compatible with
standard 100kHz clock rates (Standard mode).

The SDA and SCL lines must be HIGH when the bus is free - not in
use. An external pull-up resistor (typically 2.2kQ to 4.7kQ) or
current-source is required for SDA and SCL.

The ISL98607IRTZR5622 meets standard 12C timing
specifications, see Figure 19 and Table 1, which show the
standard timing definitions and specifications for 12C
communication.

LOW-POWER MODE

The 12C interface of ISL98607IRTZR5622 remains active even
when both ENN and ENP are LOW for up to 30ms. When ENN and
ENP both remain LOW, and no I2C communication occurs for
more than 30ms, the ISL98607IRTZR5622 enters a Low-Power
mode. This mode disables the 12C interface, but the interface is
re-activated as soon as ISL98607IRTZR5622 detects a logic LOW
on SCL or SDA.

For the ISL98607IRTZR5622, when the 12C interface is not used,
both the SDA and SCL inputs must be tied HIGH (e.g., to VIN) or
pulled-up to a logic HIGH level, to ensure the part enters the
Low-Power consumption mode when ENN and ENP are held LOW
longer than 30ms. This feature optimizes battery power saving in
handheld products, for example, when the display system is put
into a standby/sleep mode.

START AND STOP CONDITION

All 12C communication begins with a START condition - indicating
the beginning of a transaction, and ends with a STOP condition -
signaling the end of the transaction.

A START condition is signified by a HIGH-to-LOW transition on the
Serial Data line (SDA) while the Serial Clock Line (SCL) is HIGH. A
STOP condition is signified by a LOW-to-HIGH transition on the

SDA line while SCL is HIGH. See timing specifications in Table 1.

The master always initiates START and STOP conditions. After a
START condition, the bus is considered “busy.” After a STOP
condition, the bus is considered “free.” The ISL98607IRTZR5622
also supports repeated STARTs, where the bus will remain busy
for continued transaction(s).

DATA VALIDITY

The data on the SDA line must be stable (clearly defined as HIGH
or LOW) during the HIGH period of the clock signal. The state of
the SDA line can only change when the SCL line is LOW (except to
create a START or STOP condition). See timing specifications in
Table 1.

The voltage levels used to indicate a logical ‘O’ (LOW) and logical
‘1’ (HIGH) are determined by the V|_and V| thresholds,
respectively. See the “Electrical Specifications” table on page 6.

BYTE FORMAT

Every byte transferred on SDA must be eight bits in length. After
every byte of data sent by the transmitter, there must be an
Acknowledge bit (from the receiver) to signify that the previous
eight bits were transferred successfully. Data is always
transferred on SDA with the most significant bit (MSB) first. See
“Acknowledge (ACK)” on page 11.
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FIGURE 19. 12C TIMING DEFINITIONS
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TABLE 1. 12C TIMING CHARACTERISTICS

FAST-MODE STANDARD-MODE

PARAMETER SYMBOL MIN MAX MIN MAX UNIT
SCL Clock Frequency fscL 0 400 0 100 kHz
Set-Up Time for a START Condition tsu:sTA 0.6 - 4.7 - us
Hold Time for a START Condition tHD:sTA 0.6 - 4.0 - us
Set-Up Time for a STOP Condition tsu:sTo 0.6 - 4.0 - us
Bus Free Time between a STOP and START Condition tguF 1.3 - 4.7 - us
Data Set-Up Time tsu:DAT 100 - 250 - ns
Data Hold Time tHD:DAT 0 - 0 - us
Rise Time of SDA and SCL (Note 8) t 20 +0.1Cy 300 - 1000 ns
Fall Time of SDA and SCL (Note 8) te 20 +0.1Cy, 300 - 300 ns
Capacitive Load on Each Bus Line (SDA/SCL) Cp - 400 - 400 pF

NOTE:
8. Cy, = total capacitance of one bus line in pF.

ACKNOWLEDGE (ACK)

Each 8-bit data transfer is followed by an Acknowledge (ACK) bit
from the receiver. The Acknowledge bit signifies that the previous
eight bits of data were transferred successfully (master-slave or

slave-master).

When the master sends data to the slave (e.g., during a WRITE
transaction), after the 8th bit of a data byte is transmitted, the
master tri-states the SDA line during the 9th clock. The slave
device acknowledges that it received all eight bits by pulling
down the SDA line, generating an ACK bit.

When the master receives data from the slave (e.g., during a data
READ transaction), after the 8th bit is transmitted, the slave
tri-states the SDA line during the 9th clock. The master
acknowledges that it received all eight bits by pulling down the
SDA line, generating an ACK bit.

NOT ACKNOWLEDGE (NACK)

A Not Acknowledge (NACK) is generated when the receiver does
not pull down the SDA line during the acknowledge clock (i.e.,
SDA line remains HIGH during the 9th clock). This indicates to the
master that it can generate a STOP condition to end the
transaction and free the bus.

A NACK can be generated for various reasons, for example:

« After an 12C device address is transmitted, there is NO receiver
with that address on the bus to respond.

* The receiver is busy performing an internal operation (e.g.,
reset, recall, etc.), and cannot respond.

* The master (acting as a receiver) needs to indicate the end of a
transfer with the slave (acting as a transmitter).

DEVICE ADDRESS AND R/W BIT

Data transfers follow the format shown in Figures 21 and 22.
After a valid START condition, the first byte sent in a transaction
contains the 7-bit Device (slave) Address plus a direction (R/W)
bit. The Device Address identifies which device (of up to 127
devices on the 12C bus) the master wishes to communicate with.

After a START condition, the ISL98607IRTZR5622 monitors the
first eight bits (Device Address Byte) and checks for its 7-bit
Device Address in the MSBs. If it recognizes the correct Device
Address it will ACK, and becomes ready for further
communication. If it does not see its Device Address, it will sit
idle until another START condition is issued on the bus.

To access the ISL98607IRTZR5622, the 7-bit Device Address is
0x29 (0101001x), located in MSB bits <b7:b4>. The 8th bit of the
Device Address byte (LSB bit <bg>) indicates the direction of
transfer, READ or WRITE (R/W). A “0” indicates a WRITE
operation; the master will transmit data to the
ISL98607IRTZR5622 (receiver). A “1” indicates a Read
operation; the master will receive data from the
ISL98607IRTZR5622 (transmitter) (see Figure 20).

B7 Bs Bs B4 B3 B, B
Lot foftfofof1]nm]

< > <€ »

DEVICE ADDRESS = 0X29 READ =1
WRITE=0

FIGURE 20. DEVICE ADDRESS BYTE FORMAT
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Write Operation

A WRITE sequence requires an 12C START condition, followed by
a valid Device Address Byte with the R/W bit set to ‘0’, a valid
Register Address Byte, a Data Byte, and a STOP condition. After
each valid byte is sent, the ISL98607IRTZR5622 (slave) responds
with an ACK. When the Write transaction is completed, the
master should generate a STOP condition. For sent data to be
latched by the ISL98607IRTZR5622, the STOP condition should
occur after a full byte (eight bits) is sent and ACK. If a STOP is
generated in the middle of a byte transaction, the data will be
ignored. See Figure 21 for the ISL98607IRTZR5622 12C Write
protocol.

Read Operation

A READ sequence requires the master to first write to the
ISL98607IRTZR5622 to indicate the Register Address/pointer to
read from. Then send a START condition, followed by a valid
Device Address Byte with the R/W set to ‘0’, and then a valid
Register Address Byte. The master then generates either a
Repeat START condition, or a STOP condition followed by a new
START condition, and a valid Device Address Byte with the R/W
bit set to ‘1. Then the ISL98607IRTZR5622 is ready to send data
to the master from the requested Register Address.

The ISL98607IRTZR5622 sends out the Data Byte by asserting
control of the SDA pin while the master generates clock pulses
on the SCL pin. When transmission of the desired data is
complete, the master generates a NACK condition followed by a
STOP condition, and this completes the 12C Read sequence. See
Figure 22 for the ISL98607IRTZR5622 12C Read protocol.

SDA '

— X x
START DEVICE ADDRESS W 2 REGISTER POINTER Q DATA 2 sTOP

erowmssten) \ 1/0\s/N\s +/N\o/ \ TR XL

DEVICE ADDRESS = 0x29

WRITE SDA

DATA  (FROM SLAVE)

sCL
(FROM MASTER)

7 161 15] 141 1Bl 14 |1] [of

\/ \/

7| 18] 159 14| 9] 1 [0 71 16| 15 14| I8 1] |0}

FIGURE 21. 12C WRITE TIMING DIAGRAM
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SDA
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POINTER (FROM SLAVE) W W
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x
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This STOP condition is optional (not
required) to do READ-back. The device
also supports repeated STARTs .

SDA
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READ SDA

3] 1] 10]
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Register Descriptions and Addresses

Table 2 on page 14 contains the detailed register map, with
descriptions and addresses for ISL98607IRTZR5622 registers.
Each volatile register is one byte (8-bit) in size. When writing data
to adjust register settings using 12C, the data is latched-in after
the 8th bit (LSB) is received.

The ISL98607IRTZR5622 has default register settings that are
always applied at IC power-ON or after a reset. In Table 2 on
page 14, the default register settings are indicated with BOLD
face text.

Reserved registers should only be written with the bit value
indicated in the Register Map. Also, Register Addresses (pointers)
not indicated in the Register Map are reserved and should not be
written to.

Note, to clear/reset all the volatile registers to the default values,
power cycle VIN.

Register Functions

The ISL98607IRTZR5622 has various registers that can be used
to adjust and control IC operating voltages, modes, thresholds,
and sequences.

ENABLE

The “ENABLE” register (Register Address 0x05) can be used to
control the enable/disable state of the boost (VBST), positive
LDO (VP), and negative charge pump (VN) regulators. This can be
used to sequence the regulators.

VBST_OUT, VN_OUT, VP_OUT

The output voltages of VBST, VP and VN regulators can be
changed using the registers “VBST_OUT”, “VP_OUT”, and
“VN_OUT”, respectively. VBST_OUT is at Register Address 0x06,
VN_OUT is at Register Address 0x08, and VP_OUT is at Register
Address 0x09.

The output voltages of all three regulators can be changed from
their default values using I2C. The VP regulator can be
programmed from +5.5V to +5.7V, the VN regulator can be
programmed from -5.5V to -5.7V, and the VBST regulator can be
programmed from +5.65V to +6V - each adjustable with 50mV
step size. Do not use register settings that result in an expected
output voltage above these maximum levels. To determine the
expected output voltage for a specific register value, see the
following “Output Voltage Calculation”.

Note that output voltage registers should not be changed during
their respective soft-start sequence.

Output Voltage Calculation

The expected output voltage for each regulator can be
determined using Equations 1 through 3. For the calculations:
VBST = 5.65V (typ) default, VP = +5.5V (typ) default, VN = -5.5V
(typ) default. Note that VBST_OUT, VP_OUT, and VN_OUT are the
respective 5-bit register settings in decimal.

Boost Output Voltage, VBST:

VBST(V) = VBST+VBST_OUT x 50mV (EQ. 1)
* LDO Output Voltage, VP:

VP(V) = VP +VP_OUT x 50mV (EQ. 2)
* Negative Charge Pump Output Voltage, VN:

VN(V) = VN-VN_OUT x 50mV (EQ. 3)

Example Calculations:
If VBST_OUT = 2 (dec):
VBST(V) = 5.65V+2x50mV = 5.75V

If VP_OUT = 2 (dec):
VP(V) = 55V +2x50mV = 5.6V

If VN_OUT = 2 (dec):
VN(V) = -5.5V -2 x50mV = -5.6V

VBST_CNTRL, VN_CNTRL

In addition to output voltage adjustments, key operation
parameters can be changed using 12C to optimize the
ISL98607IRTZR5622 performance.

The “VBST_CNTRL’ register (Register Address 0xOD) can be used
to control and optimize boost PFM mode, boost FET slew rate,
and switching frequency of the boost and charge pump.

The “VN_CNTRL’ register (Register Address 0xOF) can be used to
enable/disable PFM mode and optimize the charge pump PFM
operation with adjustments to the PFM peak current and pulse
length.

For loading conditions higher than 40mA, optimized
performance is achieved by setting “VBST_CNTRL’ register
(Register Address 0x0D) to 0x30 and “VN_CNTRL’ register
(Register Address OxOF) to OxDF.

FAULT

The “FAULT” register (Register Address 0x04) can be used to read
back the current fault status of the IC. The fault conditions that
can be read back by 12C are: VBST undervoltage fault, VP
undervoltage fault, VN undervoltage fault, and over-temperature
protection (OTP) fault.

FAULT register bits <b3:bg> can be reset by cycling the logic
voltage on both the ENP and ENN pins simultaneously: set
ENN = ENP = LOW, then ENN = ENP = HIGH, or to reset the bits
power cycle VIN.

If FAULT register bit <bg> (OTP status bit) is latched HIGH for an
OTP fault, it can also be reset after it is read twice by 12c. A single
12C read will return the bit value (status), and a second read will
reset only the OTP bit.
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Register Map
TABLE 2. REGISTER MAP
REGISTER DEFAULT
ADDRESS REGISTER VALUE
(HEX) NAME R/W FUNCTION BIT <b7> BIT <bg> BIT <bgs> BIT <bg> BIT <b3z> BIT <bo> BIT <bq> BIT <bg> (HEX) IC RESET
0x04 FAULT R Fault Status | Reserved Not Used VP UVP: VN UVP: VBST UVP: |OTP: 0x00 |Cycle ENN and
Read-Back (Always set 0 = Output 0 =Output |0 =0Output |0=Temp Ok ENP, or cycle
to ‘0) Voltage OK | Voltage OK |Voltage OK |1 =OTP VIN
1=UVP 1=UVP 1=UVP detected
Detect Detect Detect
0x05 ENABLE R/W |IC Enable/ Reserved VP Pull-down Not Used VP: VN: VBST: 0x07 | Cycle VIN
Sequencing |(Always set |resistor 0 = Disable |0 = Disable |0 = Disable
to ‘0) 0 = Enabled 1=Enable |1=Enable |1=Enable
1 = Disabled
0x06 VBST_OUT R/W |VBST Voltage Not Used VBST_OUT <4:0> 0x00 |Cycle VIN
Adjustment
0x08 VN_OUT R/W |VN Voltage Not Used VN_OUT <4:0> 0x00 |Cycle VIN
Adjustment
0x09 VP_OUT R/W |VP Voltage Not Used VP_OUT <4:0> 0x00 |Cycle VIN
Adjustment
0x0D VBST_CNTRL | R/W |VBST - Boost Reserved Boost LX slew rate PFM mode Boost and Charge Pump Switching 0x34 |Cycle VIN
Regulator (Always set to ‘00’) (synchronous | Frequency
Control 11 = Slowest PFM) 000 = 0.89MHz
10 = Slow 0=Enable |001=1.07MHz
01 = Fast 1 =Disable |010=1.23MHz
00 = Fastest 011 =1.33MHz
100 = 1.45MHz
101 = 1.60MHz
110 = 1.78MHz
111 = 2.00MHZ
OxOF VN_CNTRL R/W |VN - Negative Reserved PFM Mode |PWM min PFM peak current selection | PFM Pulse length OxDA [Cycle VIN
Charge Pump (Always set to ‘11’) 0 = Enabled |pulse length |00 = 4pA 00 = 188ns
Control 1 = Disabled |1 =94ns 01=6pA 01 =219ns
0=125ns |10=5pA 10 = 250ns
11 =7pA 11 = 50% selected
frequency
NOTES:

9. Any Register Addresses/Pointers not indicated in the table above are Reserved Registers and should not be used.

10. Bits labeled “Not Used” can be written and read from the volatile registers, but have no influence on the operation of the IC.
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Output Voltage Setting

The VBST, VP, and VN output voltages are adjusted (from the
default value) by the VBST_OUT, VP_OUT, and VN_OUT volatile
registers. Equations 1 through 3 on page 13 provide the relation
between the value of the 12C registers and the respective output
voltages.

VP and VN Headroom Voltage and Output
Current

The VP and VN headroom voltage is defined as the difference
between the VBST output voltage and:

* The maximum VP output voltage: VP headroom
* The absolute value of the VN output voltage: VN headroom

The headroom voltage must be set high enough so that both the
VP LDO and VN negative Charge Pump (CP) can maintain
regulation. Primarily, the minimum headroom voltage is a
function of the maximum application load current that the IC will
need to support for at least a few hundreds of microseconds.
Fast output current peaks of only a few microseconds should not
be considered - those instantaneous current peaks will be
supported by the output capacitors and not by the regulator.

Note that the headroom voltage should not be set overly high,
since increasing headroom generally yields lower efficiency
performance due to increased conduction losses.

For most applications, the ISL98607IRTZR5622 default 150mV
headroom voltage setting provides optimal performance for DC
output current up to 200mA (max). For DC output current
between 100mA and 150mA (max), the headroom voltage
should be adjusted to 250mV. For example: if a maximum VP to
VN load of 150mA is required, while VP = 5.5V and VN =-5.5V,
then the minimum boost voltage should be set to VBST = 5.75V.

Regulator Output Enable/Disable

The boost converter, VBST, will be enabled whenever either ENP
or ENN is HIGH, and the VBST enable bit <bg> in the ENABLE
register is set to ‘1’. To disable the boost (and effectively VP and
VN), ENN and ENP must be LOW, or its enable bit set to ‘0.

The negative charge pump, VN, is enabled whenever ENN is
HIGH, and the VN enable bit <b4> in the ENABLE register is set to
‘1’. To disable, ENN must be LOW, or its enable bit set to ‘0’.

The LDO, VP, is enabled whenever ENP is HIGH, and the VP
enable bit <bo> in the ENABLE register is set to ‘1’. To disable
ENP must be LOW, or its enable bit set to ‘0.

All the ENABLE register bits <bo:bg> are set to ‘1’ by default.

Various options to control the regulator output ON/OFF
sequencing are possible with ISL98607IRTZR5622, refer to the
“Enable Timing Control Options” on page 17 for more
information.

Note that ENP and ENN are logic level inputs with HIGH/LOW
thresholds defined by the V|y/V,_ specifications, respectively.
These inputs also have 200kQ (typ) internal pull-down resistance
to ground. If the pins are left hi-impedance, they will default to a
LOW logic state. Refer to the “Logic” section of the “Electrical
Specifications” table on page 6 for more information.

Negative Charge Pump Operation (VN)

The ISL98607IRTZR5622 uses a negative charge pump with
internal switches to create the VN voltage rail. The charge pump
input voltage VBSTCP comes from the boost regulator output,
VBST. The VBST voltage must be greater than the absolute value
of the VN regulation voltage - i.e., the headroom voltage has to be
>0V.

Regulation is achieved through a classic voltage mode
architecture where an internally compensated gm amplifier
compares the VN output voltage to the internal reference and
sets a duty cycle. The duty cycle controls the amount of time the
output capacitor is charged during each switching cycle. The
maximum duty cycle is 50%. The charge pump output capacitor
(placed on the VN pin) is charged and discharged through
internal 450mA current sources to minimize system noise.

PFM

The ISL98607IRTZR5622 features light-load Pulse Frequency
Modulation (PFM) mode for both the boost regulator and charge
pump to maximize efficiency at light loads.

The device always uses PWM mode at heavy loading, but when
PFM mode is enabled using the respective PFM mode
enable/disable register bit, the device will automatically switch
to PFM mode at light loads to optimize efficiency.

There is hysteresis built in with the PFM transition, for when the
transition is from light to heavy or heavy to light loading. This is to
prevent inadvertently going back and forth between PWM and
PFM modes.

Fault Protection and Monitoring

The ISL98607IRTZR5622 features extensive protections to
automatically handle failure conditions and protect the IC and
application from damage.

OVERCURRENT PROTECTION (OCP)

The overcurrent protection limits the VBST nMOSFET current on a
cycle-by-cycle basis. When the nMOSFET current reaches the
current limit threshold, the nMOSFET is turned off for the
remainder of that cycle. Overcurrent protection does not disable
any of the regulators. Once the fault is removed, the IC will
continue with normal operation.

UNDERVOLTAGE LOCKOUT (UVLO)

If the input voltage (Vy) falls below the Vyy o Hys level of ~2.3V
(typ), the VBST, VP, and VN regulators will be disabled. All the
rails will restart with normal soft-start operation when the V|\
input voltage is applied again (rising V|y > VyyLo)- Refer to the
“Electrical Specifications” table on page 5 for the UVLO
specifications.

Note that the 12C registers (logic) are not cleared/reset to default
by the falling V|y UVLO. The logic states are retained if V|
remains above 2V (typ). Once V| falls below 2V, all logic is reset.
V|n should fall below 2V (ideally to GND) before power is re-
applied to ensure a full power cycle/reset of the device.
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OVER-TEMPERATURE PROTECTION (OTP)

The ISL98607IRTZR5622 has a hysteretic over-temperature
protection threshold set at +130°C (typ). If this threshold is
reached, the VBST, VP, and VN regulators are disabled
immediately. As soon as temperature falls by 10°C (typ) then all
the regulators automatically restart.

All register bits, except for bit <bg> of the FAULT register
(Register Address 0x04), remain unaffected during an OTP fault
event. When an OTP event occurs, FAULT register bit <bg> is
latched to ‘1. This bit is reset/cleared by cycling both ENN and
ENP (set LOW, then HIGH) at the same time, or by cycling V|
power. Bit <bg> can also be reset after it is read twice by 12C. A
single I2C read will return the bit value (status), and a second
read will reset only the OTP bit.

Output undervoltage protection is disabled during an OTP event.
Since the output voltages decrease during an OTP event because
the regulators are disabled, this will not trigger a UVP fault.

UNDERVOLTAGE PROTECTION (UVP)

The ISL98607IRTZR5622 includes output undervoltage
protection. Undervoltage protection disables the regulator
whenever the output voltage of VBST or VP falls below 60% of its
set/regulated voltage, or the output voltage of VN goes above
60% of its set/regulated voltage, for 100us or more. If the output
voltage exceeds the 60% condition for less than 100ps, no fault
will occur.

Depending on which regulator(s) fault, bit(s) <bz>, <bs>, or <b4>
in the FAULT register will be latched to ‘1’ for VP, VN, and VBST
faults, respectively. The bit(s) are reset/cleared by cycling both
ENN and ENP (set LOW, then HIGH) at the same time, or by
cycling Vy power.

Power-ON/OFF Sequence

The boost regulator is activated when the V| input voltage is
higher than the UVLO threshold, and either ENP or ENN are HIGH.
The VP output is activated if ENP is HIGH and VBST has
completed its soft-start. The VN charge pump is activated 2ms
after VBST has completed soft-start, and the ENN has been
pulled high - whichever comes later (see Figure 23).

Figure 24 shows power-ON timing for the case when ENN is
pulled HIGH after ENP, and after the VBST soft-start is complete.
Figure 25 shows power-ON timing for the case when ENN is
pulled HIGH after ENP, but before VBST has completed its
soft-start.

ENP or ENN going LOW shuts down VP or VN, respectively. If both
ENP and ENN are pulled LOW, then VP, VN, and VBST are all
turned off even if V) is still above UVLO, see Figure 26 on

page 17. If V| falls below UVLO while ENP and ENN are HIGH,
then VP, VN, and VBST will be turned off at the same time (see
Figure 27).

The integrated discharge resistors on the VP and VN outputs are
80Q (typ) and a 35Q (typ), respectively. If the same output
capacitor (value, size, rating) is used for VN and VP, the VN rail
will discharge faster than VP if they are both turned off at the
same time. This is ideal for applications that require the VN rail
to go down before VP at power-OFF.
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Enable Timing Control Options
There are several ways to control enable sequencing of the VP
and VN regulators: 12C control, and dual or single GPIO control.
12C CONTROL

By using 12C, the sequencing of the VP and VN regulator can be
controlled by writing to the register 0x05. Bit <b4> controls the

VN regulator and <bo> controls the VP regulator. Setting the bits

to ‘1’ will enable the regulator, and setting to ‘0’ will shut

off/disable the regulator. Delaying the writes for setting bit <b4>

and <bs> (using separate 12c transactions) will delay the turn
on/off sequence of VP and VN accordingly.

Figure 28 shows a 4ms delay between when VP and VN turn on.
The 4ms time is an example delay to show the power-ON
sequencing possibility through 12C. This delay is set between the
separate 12C writes to set the enable bits in register Ox05. If both
enable bits were set to ‘1’ in the same 12C transaction (same
byte), and ENN and ENP are HIGH, then both VP and VN
regulators will start at the same time - when the data is latched
at the STOP condition.

Figure 29 shows a 2.5ms delay between the VP and VN turn off.
The 2.5ms time is an example delay to show the power-OFF
sequencing possibility using 12c.

Figure 30 (zoom in) and 31 (zoom out) show a typical I2C data
transfer to the ENABLE register. In this example, VP and VN
regulators are enabled by writing data 0x07 to register address
0x05. The VP regulator will be enabled first after the I2C STOP
condition, followed by the VN regulator after the internal 2ms
delay.

VP = 2VIDIV
VN = 2V/DIV
| +5V
VP
| ov
: P e
LoV
2-plidi
VN
-5V
1ms/DIV
FIGURE 28. ON-SEQUENCE - 12C CONTROL
VP = 2VIDIV
VN = 2V/DIV
VP 45y

Q.

VN

1msIbIV
FIGURE 29. OFF-SEQUENCE - 12C CONTROL
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SCL = 2V/DIV (DC)
SDA = 2V/DIV (DC)
VP = 1V/DIV
VN = 1V/DV

Device Slave Address

L0V

50us/DIV
FIGURE 30. 12C SEQUENCE AND VP RESPONSE

SCL = 2V/DIV (DC)
SDA = 2V/DIV (DC)

500us/DIV
FIGURE 31. 12C SEQUENCE AND VP/VN RESPONSE

SEPARATE ENP AND ENN PINS (2 GPIO CONTROL)

Using two separate GPIOs, and controlling the timing between
the ENP and ENN pins, the turn on/off events can be controlled.
The method to control turn on/off by GPIO is valid when the
respective enable bits in the ENABLE register at Register Address
0x05 are set to ‘1’ (default). So, this method can be used at IC
power-ON - no 12C communication is required.

By design, the VN regulator will turn on 2ms after the ENN signal
goes HIGH.

Figure 32 shows a 5ms delay (example) between the ENP and
ENN rise. VN turns on 2ms after ENN.

Figure 33 shows a 5ms delay (example) between the ENP and
ENN fall.

VP g
LENP
VP = 2V/DIV (DC)
VN = 2V/DIV (DC) -
j ENN = 1V/DIV (DC)
ov ] ENP = 1V/DIV (DC)
R 4 P o
- VN

ENN
ov

1ms/DIV
FIGURE 32. ON SEQUENCE - 2 GPIO CONTROL

VP = 2V/DIV (DC)

VN = 2V/DIV (DC) |
ENN = 1V/DIV (DC) |
ENP = 1V/DIV (DC) -

Wi

1ms/DIV
FIGURE 33. OFF SEQUENCE - 2 GPIO CONTROL

TIE ENP AND ENN TOGETHER (1 GPIO CONTROL)

There is also an option to sequence the VN and VP regulators if
there is only a single GPIO available in the system. The method to
control turn on/off by GPIO is valid when the respective enable
bits in the ENABLE register at Register Address 0x05 are set to
‘1’ (default). So, this method can be used at IC power-ON - no 12C
communication is required.

If the ENP and ENN are tied together and both pulled HIGH, there
is a default delay sequence in the IC. VP will come up first and
after 2ms VN will soft-start. For turn off, both VN and VP start to
shut down together but the decay in the VP and VN voltage can
be controlled using the output capacitance value.

Figure 34 on page 19 shows turn on when the ENN and ENP pins
are tied together. There is 2ms delay between VP and VN turning
on.

Figure 35 on page 19 shows turn off when the ENN and ENP pins

are tied together.
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VP . +5V
ENP ¥l

oV
FEssrrmamansas

VP = 2V/DIV (DC)
ov VN = 2V/DIV (DC)
[ ENN = 1V/DIV (DC)
ENP = 1V/DIV (DC)

500us/DIV
FIGURE 34. ON SEQUENCE - 1 GPIO CONTROL

VP = 2V/DIV (DC)
VN = 2V/DIV (DC)

+5V VP ENN = 1V/DIV (DC)
-t -
. 7 ENP = 1V/DIV (DC)
ve
ov
[ 2+ e e e e st s S N Y i RS,
VN ov
ENN
ov
175V 7

1ms/DIV
FIGURE 35. OFF SEQUENCE - 1 GPIO CONTROL

VP Output Hi-Z Mode

ISL98607IRTZR5622 VP regulator can be configured in a Hi-Z
mode for when the regulators are turned off. Using 12, bit <bg>
in the ENABLE register can be set to ‘1’ to disable the internal
pull-down resistor - this is “Hi-Z Mode.”

Configuring the VP regulator in Hi-Z mode will prevent any
leakage current flowing between VP and VN when the TFT-LCD is
in sleep/standby mode. This is ideal to minimize system power
consumption.

Component Selection

The design of the boost converter is simplified by an internal
compensation scheme, which allows easy system design without
complicated calculations. Select component values using the
following recommendations.

INPUT CAPACITOR

It is recommended that a 10puF X5R/X7R or equivalent ceramic
capacitor is placed on the VIN input supply.

INDUCTOR

First, determine the minimum inductor saturation current
required for the application.

The ISL98607IRTZR5622 operates in Continuous Conduction
Mode (CCM) at higher load current, and in Discontinuous
Conduction Mode (DCM) and PFM mode at lighter loads.

In CCM, we can calculate the peak inductor current using
Equations 4 through 8.

Given these parameters:

Input Voltage = V|

Output Voltage = Vg

Duty Cycle =D

Switching Frequency = fgy

e o oo

e. tgw=1/fsw
Then the inductor ripple can be calculated as:

Alpp = (V)\)*(D)/(L*fg) (EQ. 4)
where D = 1 - (V|N/Vp), then rewrite Equation 4:
Alpp = (Vi\)*(Vo = V) (L* g * Vo) (EQ. 5)

The average inductor current is equal to the average input
current, where ljayg can be calculated from the efficiency of the
converter.

havg = (Vo*lg)/(Vy*Efficiency) (EQ. 6)
To find the peak inductor current write the expression as:
lpk = Alpp/2+ljavG (EQ.7)

Substituting Equations 5 and 6 in Equation 7 to calculate Ipy_

Ipk = 0.5%V |\ * (Vo - Vi )/ (L¥fg i Vo) + (Vo *lg)/(V | *EFF)
(EQ. 8)

Example:

Consider the following parameters in the steady state boost
regulator operating in CCM mode.

V|N =2.8V
Vo = 5.65V
fgw = 1.45MHz

Output load current = 100mA

Efficiency = 80%

L=4.7pH

Substituting previous parameters in Equation 8 gives us:
Ipk = 355mMA

The ISL98607IRTZR5622 boost regulator operates in DCM and
PFM mode at light load. In PFM mode, it uses a fixed peak
inductor current of ~340mA.

In order to avoid the inductor core saturation, the saturation
current of the inductor selected should be higher than the greater
of the peak inductor current (for CCM) and the 340mA peak
current in PFM mode.

FN8651 Rev.1.00
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The 340mA peak inductor current in PFM mode is optimized to
provide maximum efficiency with a 4.7pH inductor value. If a
smaller inductor is used, less energy will be delivered per cycle,
the ISL98607IRTZR5622 will switch at a higher frequency, and
the efficiency will reduce. Increasing the inductor will increase
the energy delivered per pulse. But for a given inductor size the
DC-Resistance (DCR) increases with inductor value, so the
conduction losses will increase. L = 4.7pH is the optimal value
for ISL98607IRTZR5622.

Table 3 shows the recommended inductors for typical
ISL98607IRTZR5622 applications - small size, handheld TFT-LCD
display power.

TABLE 3. RECOMMENDED INDUCTORS

INDUCTOR PART | INDUCTANCE DCR IsaT FOOTPRINT
NUMBER (uH) (mQ) (A) SIZE
1239AS-H-4R7TM 4.7 200 1.90 2520
(Toko)
OUTPUT CAPACITOR

The output capacitor supplies current to the load during transient
conditions, and reduces the ripple voltage at the output. Output
ripple voltage consists of two components:

1. The voltage drop due to the inductor ripple current flowing
through the ESR of the output capacitor.

2. Charging and discharging of the output capacitor.

For low ESR ceramic capacitors, the output ripple is dominated
by the charging and discharging of the output capacitor. The
voltage rating of the output capacitor should be greater than the
maximum output voltage.

Note: Capacitors have a voltage coefficient. The effective
capacitance will reduce (derate) as the operating voltage/bias
increases. Always refer to the manufacturer’s derating
information to determine effective capacitance for the operating
conditions.

The effective capacitance at the nominal output voltage should
be 2.2uF for VBST and VP regulator, and 4.4uF for VN. It is
recommended to use a 10uF X5R 10V or equivalent ceramic
output capacitor for both VBST and VP outputs to provide a
minimum of 2.2uF effective capacitance. For the VN output, it is
recommended to use one or two 10uF X5R 10V or equivalent
ceramic output capacitors. Using two VN output capacitors
results in <50mV peak-to-peak output voltage ripple with input
voltages from 2.8V to 4.4V.

TABLE 4. RECOMMENDED OUTPUT CAPACITORS

VALUE

CAPACITOR PART NUMBER | (uF) SIZE QUANTITY
GRM155R61A106ME11 10 0402 |x5: Cj\, CygsT Cyp,
(Murata) Cvns Ccp

x1: Cyp (x2 for

minimum ripple)
GRM188R61C475KAA) 4.7 0603 |x5: Cin, CygsT: Cyp,
(Murata) Cvn: Ccp

x1: CVN (X2 for
minimum ripple)

General Layout Guidelines

When designing the Printed Circuit Board (PCB) layout for the
ISL98607IRTZR5622, it is very important to understand the
power requirements of the system. Some general best practices
should be adhered to in order to create an optimal PCB layout:

1. Careful consideration should be taken with any traces

carrying AC signals. AC current loops should be kept as short

and as tight as possible. The current loop generates a
maghnetic field, which can couple to another conductor,
inducing unwanted voltage. Components should be placed
such that current flows through them in a straight line as

much as possible. This will help reduce the size of loops and
reduce the EMI from the PCB.

2. If trace lengths are long, the resistance of the trace increases

and can cause some reduction in IC efficiency, and can also
cause system instability. Traces carrying power should be

made wide and short.

3. In Discontinuous Conduction mode, the direction of the

current is interrupted every few cycles. This may result in large

di/dt (transient load current). When injected in the ground
plane the current may cause voltage drops, which can
interfere with sensitive circuitry. The analog ground and

power ground of the IC should be connected very close to the

IC to mitigate this issue.

4. One plane/layer in the PCB is recommended to be a

dedicated ground plane. A large area of metal will have lower

resistance, which reduces the return current impedance.
More ground plane area minimizes parasitics and avoids
corruption of the ground reference.

5. Low frequency digital signals should be isolated from any

high frequency sighals generated by switching frequency and

harmonics. PCB traces should not cross each other. If they

must cross due to the layout restriction, then they must cross

perpendicularly to reduce the magnetic field interaction.

6. The amount of copper that should be poured (thickness)
depends upon the power requirement of the system.

Insufficient copper will increase resistance of the PCB, which
will increase heat dissipation.

7. Generally, vias should not be used to route high current paths.
8. While designing the layout of switched controllers, do not use

the auto routing function of the PCB layout software. Auto

routing connects the nets with the same electrical name and

does not account for ideal trace lengths and positioning.
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ISL98607IRTZR5622 TQFN Specific Layout
Guidelines

1.

The input capacitor should be connected to the VIN pin with
the smallest trace possible. This helps reject high frequency
disturbances and promotes good regulation of the VBST, VP,
and VN regulators.

. The boost inductor should be connected to the LXP pin with a

short and wide trace. Careful consideration should be made
in selecting the inductor as it may cause electromagnetic
interference, which could affect IC functionality. A shielded
inductor is recommended.

. The device has VBST and VBSTCP pins. The VBST pin number

is 1 and VBSTCP pin number is 2. VBST is the output of the
boost regulator and VBSTCP is the input for the negative
charge pump. VBST and VBSTCP should be
connected/shorted to each other on the PCB with a short and
thick trace to avoid parasitic inductance and resistance. A
10uF/10V capacitor should be used on VBST. The distance of
the capacitor from the VBST and VBSTCP pin is critical - it
should be placed very close to the IC with a short and thick
trace.

. Pin 6 is output of the negative charge pump (VN) and pin 7 is

its substrate connection (VSUB). It is highly recommended
that VN and VSUB are shorted together with a short and thick
trace. It is recommended that 2x10uF/10V capacitors are
placed on VN to minimize output ripple. Additionally, it will
help minimize noise that may be coupled from the high
frequency ripple of the charge pump.

. Pins 19 and 20 are the output of the VP regulator. It is

important to connect pins 19 and 20 with a short and thick
trace.

. The heat of the chip is mainly dissipated through the exposed

thermal pad so maximizing the copper area around is a good
idea. Connect exposed thermal pad to the ground trace to
maximize the thermal performance.

Analog ground (AGND) and power ground (PGND) of the IC
should be connected to each other. It is crucial to connect
these two grounds at the location very close to the IC. Pin 14
is AGND and pins 4, 15, and 16 are PGND. These pins should
be shorted together.

. Digital input pins, ENN and ENP, should be isolated from the

high di/dt and dv/dt signals. Otherwise, it may cause a glitch
on those inputs.

. 12c signals, if not used, should be tied to VIN.

Figure 36 shows the recommended PCB layout for a typical
ISL98607IRTZR5622 application.

FIGURE 36. I1SL98607IRTZR5622 RECOMMENDED PCB LAYOUT
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Revision History

The revision history provided is for informational purposes only and is believed to be accurate, but not warranted. Please go to the web to make sure that
you have the latest revision.

DATE REVISION CHANGE

Jan 9, 2018 FN8651.1 Added Related Literature section on page 1.
Updated Ordering Information table and Note 1 to indicate tape and reel quantity on page 3.

Oct 21, 2015 FN8651.0 Initial Release.
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Pac‘(age outllne Dran ng For the most recent package outline drawing, see L20.3x4A.
L20.3x4A
20 LEAD THIN QUAD FLAT NO-LEAD PLASTIC PACKAGE
Rev 0,6/10
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13.00] mm PIN #1
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— A ) T ‘ ‘
! 16 U \ y U/ 1
| R
PIN1—~
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-~ (1.65)——
1
(2.80) 0.00 MIN.
0 .05 MAX.
TYPICAL RECOMMENDED LAND PATTERN DETAIL "X"

NOTES:

1. Dimensions are in millimeters.
Dimensions in ( ) for Reference Only.

Dimensioning and tolerancing conform to ASME Y14.5m-1994.
Unless otherwise specified, tolerance : Decimal £ 0.05

2,
3.
A Dimension applies to the metallized terminal and is measured
between 0.15mm and 0.30mm from the terminal tip.

5. Tiebar shown (if present) is a non-functional feature.

& The configuration of the pin #1 identifier is optional, but must be
located within the zone indicated. The pin #1 identifier may be
either a mold or mark feature.

7. JEDEC reference drawing: MO-220VEGD-NJI.
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); larg: le corr { i ; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’'s manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and

sufficiently investi i laws and ions that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.

o

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who di

party in advance of the contents and conditions set forth in this document.
11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

butes, disposes of, or of ise sells or transfers the product to a third party, to notify such third
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