RENESAS Application Note

ISL94202 Sleep Mode Requirements

This application note reviews the ISL94202 operational modes and requirements to enter, remain in, or exit
SLEEP Mode. Operation of the LDMON and CHMON pins as related to SLEEP Mode entry and exit is covered in
detail.
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1. Description

The ISL94202 is a battery pack Battery Front end IC that supports three to eight series connected cells. It provides
complete battery monitoring and pack control. The 1ISL94202 provides automatic shutdown and recovery from out-
of-bounds conditions and automatically controls pack cell balancing. The internal EEPROM makes the 1SL94202
a highly configurable stand-alone device, but can be used with an optional external Microcontroller (MCU), which

communicates to the 1ISL94202 through an I12C interface.

This document describes the modes of operation with specific attention to the function of LDMON and CHMON
Pins. The reader should be familiar with the operation of the ISL94202 and the evaluation kit hardware and
software as a prerequisite. See the ISL94202 datasheet for more details about the settings discussed in this
document.
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Figure 1. Typical Application Diagram
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11 System Modes

To minimize power consumption, most circuits are kept off when not being used and system conditions are
sampled at intervals. There are five power states in the device as shown in Figure 2. Power-down is a static
non-operational state while the other states are also referred to as Modes because they are functional.

{Any Cell Voltage Less Than UVLO for
160ms and UVLOPD = 1} or Power-down State Power Consumption <1pA

RGO < 1.2V or PDWN Bit Set to 1
First Power-Up: Voltage On VDD Rises Above the POR

Threshold.
Already Powered: a Charger Wake-Up Signal.

Normal Operating State Power Consumption Average
450pA (2mA PEAKS)

No Charge or Discharge Current Detected for 0 to 15 Min
from Normal State or Idle Bit is Set

Idle State Power Consumption Average
350pA MAX (2mA PEAKS)

No Charge or Discharge Current Detected for 0 to 15 Min
from Idle State or Doze Bit is Set

State Power Consumption Average
300pA (2mA PEAKS)

No Charge or Discharge Current Detected for 0 to 240 Min
from Doze State or Sleep Bit is Set

Wake-Up Signal (Either
Charger or Load)

Any Cell Voltage
Drops Below Sleep
Threshold for

Sleep Delay Time

or Sleep Bit
is Set
When the Device
Detects any Charge
or Discharge Current, Operatio
Moves from

Doze or Idle States Back to the
Normal Operating State

Power Consumption Average

Sleep State
15pA

Figure 2. 1SL94202 Mode transitions.

1.1.1 Power-Down State

The 1SL94202 tolerates hot plug and unknown connection sequences. Often when the device PCB is first mated
to a battery pack the pin connection sequence is random. After the VDD Pin (43) and VSS Pin (18, 28, 29) pins
connect, the device enters the Power-down state. It remains in this state until a charger is connected. The device
also powers up if the CHMON Pin (37) is connected to the top of the pack through an outside resistor to enable
PCB test. This is implemented with a Wakeup button on the evaluation board.

It is possible that the pack powers up automatically when the battery stack is connected because of momentary
conduction through the power FET G-S and G-D capacitors.

The device also enters the Power-down State when the voltage on the pack is too low for proper operation. This
occurs when:

= VDD is less than the POR threshold and RGO < 2.25V. This condition can occur in low cell count packs, or low
voltage storage components are used, or if cells discharge over a long period of time.

= VDD is less than 1V and RGO > 2.25V. This condition can occur during a short-circuit with minimum capacity
cells. VDD drops out, but the RGO cap maintains the logic supply.

= Acell voltage is less than the 0xOA-0B VCELL UVLO threshold for >160ms and 0x4B.3 UVLOPD = 1.

= Commanded by an external MCU (set 0x88.3 PDWN = 1). The device no longer communicates following this
command. It is typically used at the end of Pack production test in preparation for storage.

Recovering out of the Power-down state brings the 1ISL94202 into the NORMAL Mode. The only way to recover
from this state (transition to NORMAL Mode) is through a charger detection.

Note: If a load is detected on exit from Power-down, the power FETs are disabled as a safety precaution and the
load must be removed before the FETs can be enabled.
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1.1.2 NORMAL Mode

This is the monitoring/scan state for the 1ISL94202 during charge and discharge operation. In this Mode, the
device monitors for overcurrent continuously and scans the voltages every 32ms. If balancing is required, the
device activates balancing components. All necessary circuits are on and unnecessary circuits are off.

During the scan, the 1ISL94202 draws more current as it activates the input level shifter, the ADC, and data
processing. Between scans, circuits turn off to minimize power consumption. The device remains in NORMAL
Mode as long as charge or discharge current is detected (0x82.2 CHING or 0x82.3 DCHING is set). The device
will return to NORMAL Mode from IDLE or DOZE Modes if either charge or discharge currents are detected.

1.1.3 IDLE Mode

If there is no current flowing for 0 to 15 minutes (set by 0x48.[3:0] Idle/Doze Timer), the device transitions from
NORMAL to IDLE Mode. This is governed by the time when bits 0x82.2 CHING and 0x82.3 DCHING were
cleared, the time since last detecting a charge or discharge current. If there is no current flowing for this time, the
device enters IDLE Mode. Measurement scans decrease to once every 256ms in IDLE Mode. The FETs and RGO
remain on. The device consumes less current in IDLE Mode because of the decrease in scan frequency.

The device transitions back to NORMAL Mode if a charge (bit 0x82.2 CHING sets) or discharge (bit 0x82.3
DCHING sets) current is detected.

The device does not automatically enter the IDLE Mode if bit 0x87.2 yCSCAN is set to 1, because the MCU is
responsible for triggering scans and controlling device operation.

Setting 0x88.0 IDLE to 1 forces the device to enter IDLE Mode, regardless of current flow. The device remains in
IDLE Mode after the MCU sets this bit, regardless of the timer or the current. Setting the Mode control bits to 0
allows the device to control the Mode based on the timer settings.

114 DOZE Mode

If there is no current flowing for 0 to 15 minutes (set by 0x48.[3:0] Idle/Doze Timer), the device transitions from
IDLE to DOZE Mode. This is determined by the time since the device entered IDLE Mode and bits 0x82.2 CHING
and 0x82.3 DCHING remain cleared. If there is no current flowing for the set time, the device enters DOZE Mode.
Measurement scans decrease to once every 512ms in DOZE Mode. The power FETs and RGO remain on. The
device consumes less current in DOZE Mode because of the decrease in scan frequency.

The device transitions back to NORMAL Mode if a charge (bit 0x82.2 CHING sets) or discharge (bit 0x82.3
DCHING sets) current is detected.

The device does not automatically enter the DOZE Mode if bit 0x87.2 yCSCAN is set to 1, because the MCU is
responsible for triggering scans and controlling device operation.

Setting 0x88.1 DOZE to 1 forces the device to enter the DOZE Mode, regardless of the current flow. The device
remains in DOZE Mode after the MCU sets this bit, regardless of the timer or the current. Setting the Mode control
bits to 0 allows the device to control the Mode based on the timer settings.

1.1.5 SLEEP Mode

The 1SL94202 transitions to SLEEP from DOZE Mode if there was no current flow detected for more than the
duration of the sleep mode timer setting (0x48.[7:4] SLEEP Timer). The device remains in DOZE Mode until there
has been no current for 0 to 240 minutes (with 16 minute steps).

The device does not automatically enter the SLEEP Mode if bit 0x87.2 yCSCAN is set to 1, because the MCU is
responsible for triggering scans and controlling device operation.

Setting bit 0x88.2 SLEEP to 1 forces the device to enter the SLEEP Mode regardless of the current flow. After an
MCU sets the SLEEP bit, the device remains in SLEEP Mode regardless of the timer or the current. Setting the
Mode control bits to 0 allows the device to control the Mode.

The 1ISL94202 transitions to SLEEP Mode if a cell voltage drops below the Sleep Level Voltage threshold (0x44-45
SLV) for the time specified by the Sleep Level Timer (0x47.[0] - 0x46.[7:0] SLT). The SLV register can be set to 0
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to prevent the device from entering SLEEP Mode by a low voltage on the cells. If 0x87.6 yCFET = 1, the SLV
setting is ignored and cannot place the device into SLEEP.

While the 1ISL94202 is in SLEEP, register 0x8A-8B CELMIN reads 0x000 and register 0Ox8C-8D CELMAX reads
O0xOFFF. When waking up, these registers are restored to their previous setting (last reading before entering
SLEEP) within ~540ys.

While in the SLEEP Mode, everything is off (including the power FETs) except for the 2.5V regulator (RGO) and
the wake-up circuits. To wake and transition back to NORMAL Mode, either a LDMON Pin (38) load or CHMON
Pin (37) charger detection must be made. Detections by these pins can wake the device 50ms after it first
attempts Sleep if either a load or charger is present (Node P+ in Figure 1). A charged capacitor on P+ can cause
a false charger detection if not discharged with 50ms of entry into Sleep.

The part resumes system scans ~1.5ms after waking from SLEEP.

1.1.6 Idle/Doze/Sleep Timers

Setting the Idle/Doze timer to 0 immediately forces the device from NORMAL into the DOZE Mode if there is no
detected current. To transition back to NORMAL Mode, either 0x82.2 CHING or 0x82.3 DCHING bits must be set
because of a charge or discharge current detection.

If 0x48.[7:4] Sleep Timer is set to 0, the device transitions from DOZE to SLEEP Mode immediately and it may
appear as if it skipped DOZE Mode.

If both Idle/Doze and Sleep timers are set to 0, the device immediately goes to SLEEP Mode when there is no
charge or discharge current detected. To wake the device, a charger (CHMON Pin (37)) or load (LDMON Pin (38))
detection must be followed by writing a non-zero setting to the timer registers.

1.1.7 Mode Exceptions

There is one exception to the normal sequence of Mode management. When the MCU sets bit 0x87.2 yCSCAN to
1, the internal scan stops. This means that the device no longer looks for the conditions required for Sleep. The
external MCU must manage the Modes of operation. Forcing the device into different Modes can be achieved by
using the following bits:

= 0x88.0 IDLE

= 0x88.1 DOZE

= 0x88.2 SLEEP

= 0x88.3 PDWN

Possible forced transitions using these bits and an external MCU are shown in Table 1.

Table 1. Forced Mode Transitions

TO
FROM
PDOWN NORM IDLE DOZE SLEEP

PDOWN N/A NO* NO NO NO
NORM YES N/A YES YES YES

IDLE YES NO N/A YES YES
DOZE YES NO YES N/A YES
SLEEP NO NO NO NO N/A

Note: A transition from Power-down to NORMAL Mode is only possible through detection of a charger connection.
The detection of a charger or load forces the device into NORMAL Mode from any other Mode.
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2. CHMON Pin

The Charge Monitor pin tests for a charger connection. In a series path power FET configuration the CHMON pin
connects through a resistor (499Q) to the input of the positive charger connection as shown in Figure 3 (PACK+).
This node includes the DFET source in a series power FET configuration.

L
<

3
M

Battery ’ IJ_ J_I . . . PACK+
1M% 1M%
%3 33
499 499
i i i
PCFET CFET DFET LDMON CHMON
1ISL94202

Figure 3. Series Path

In a split path configuration the CHMON pin connects through a resistor (499Q) to the input of the positive charger
connection as shown in Figure 4 (CHG+). VGS diodes are omitted from the figures for clarity. This pin should not
be tied to the LDMON pin and it should not share a resistor with LDMON.

+
me
g
I
, Y[ CHG+
1M%
% ]
BATT+ 1Y DCHG+
] M
S 4993 4993
il il
PCFET CFET DFET  LDMON CHMON
ISL94202
Figure 4. Parallel Path
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The charge monitoring mechanism is different depending on which of two states the device is in. The first state is
Charge Overcurrent Recovery, which uses the CHMON pin to detect the removal of the charger following a
Charge Overcurrent Fault (0x81.1 COCF). The second state is Wake-up, which functions to wake the device up
when detecting a charger if the device is in SLEEP Mode or the Power-down State, see Charger Detection.

21 Charge Overcurrent Recovery

If the ISL94202 detects a Charge Overcurrent condition, the Charge Overcurrent Recovery process begins
(Figure 5) ~3s after the fault is detected. The CHMON pin pulls ~60pA from the node for a duration set by register
0x01.7:4 CDPW every 256ms. With a charger present the CHMON pin voltage is above the detection threshold
(Figure 7) and bit 0x82.1 CH PRSNT is set to 1. After the charger is removed, the CHMON pin voltage drops
below the threshold, resulting in the CH_PRSNT bit clearing.

If the uCFET bit is set to 0 and the charge monitor detects the charger has been removed for two consecutive
sample periods (CH_PRSNT = 0), the power FETs are re-enabled (assuming no other faults) and the fault bit
COCEF is cleared. If the uyCFET bit is set to 1, the external MCU must re-enable the FETs.

Charger ieleases
]\I—V — Vcumon

CHMON Pin Detects 2 CHMON Pulses Below Threshold

Vcsense

-l %

— tocc —>| ‘

0 | 10 |
COC Bit L — —

_ I

SD | r— - 2.5V
Output 1 CHMON Detects Charger Release

i | Resets DOC, SCD Bit, Turns on FET
Vpp+15V Register 1 Read
CFET
Output ISL94202 Turns on CFET A
(MCFET Bit=0)
Figure 5. COC Recovery
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2.2 Charger Detection

If the ISL94202 is in the Power-down State, a charger connection must be used to wake the device up. If in
SLEEP Mode, a charger or load connection can be used to wake the device up.

On entering SLEEP Mode, the 1SL94202 keeps the wake-up circuit disabled for ~50ms. After the this delay, the
device enables both the load and charger detection circuits (Figure 6). The device exits SLEEP to NORMAL Mode
if a detection is made. If after the 50ms delay there is no load or charger detection, the wakeup circuit stays
enabled and the device remains in SLEEP Mode until a load or charger is detected (Figure 8). These detection
circuits do not draw significant current.

Note: It is important to be aware of the timing and voltage levels. If an application has a particularly large
capacitive load with a slow discharge rate, there is a possibility that the voltage seen at the CHMON pin is high
enough to prevent SLEEP because the voltage triggers a false charger detection. Conversely, if the voltage at
CHMON drops too low the device detects a load connection. See Figure 7.

CHMON

—{1

1ISL94202

7>

Figure 6. CHMON Wake Up
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]
Exit Sl
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CHMON
or Sleep Sleep
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Exit Sleep
f Hystersis ~30ms
Try Enter
Sleep

Figure 7. Sleep Qualifications

Note: It is important if the voltage after the ~50ms delay seen at either CHMON or LDMON is not between ~0.7V
and ~8V, the device does not stay in SLEEP Mode. If there is a large load capacitance, it may be necessary to
partially discharge this capacitor before the device sleeps. See Sleep Entry for more details.

Enters SLEEP Mode

/T P

Vwkup2
<1us | r_
7 |
|

LDMON Pin

r . 1 |
Can Stay in Can Stay in
IN_SLEEP BIT :SLEEP Mode | ! SLEEP Mode
1

— !

[ ™

Vwkup1 \‘
CHMON Pin
<1ps —»{ - ~50ms <+|

r—-—.-1 s - rTr-_—_———
IN_SLEEP BIT j GanStayin | :_ Can Stay in
- | SLEEP Mode SLEEP Mode
~140ms <—>‘
DFET/CFET

If LDMON or CHMON is active when entering SLEEP Mode,
the IC wakes up after a short delay.

Figure 8. Wake-Up Timing (from Sleep)
When a charger is connected, it pulls the floating output node up, which can be well above the discharged pack

voltage depending on the charger. To mimic a charger detection a momentary connection is made from PACK+ to
the top of the battery pack. This is equivalent to using the wakeup button on the ISL94202 evaluation board.
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Figure 9 shows a charger detection following a relatively long (>>50ms) period of Sleep. The initial detection is at
t = 0 with the second one at ~140ms. Note: V1 (PACK+ in Figure 3) remains above the charge detection

threshold during this period.

DFET _Gate

vout

sD

-200ms -150ms -100ms -50 ms 0ps

Measure P1top(C1)  P2-base(C1) P31top(C2)  Pd:base(C2) P510p(C31  P6:base(C3)

50 ms

P7--- Pg---

100 ms

Pg---

150ms

P10~ - -

200ms

P11 --

250ms

P12---

value 22791V A2mv
status - 4

1.00 Vidiv 10.0 Vi/div 10.0 Vidiv
3.0000 V 30,000V 30,000 V'§

45.560 V 920 mV 28879V 1357V

v v

Figure 9. CHMON Detection (both)

Timebase

50.0 msidiv| Stop

0 ms|[Trigger S LE18)
100V
100 kS 200 kS/s| Edge _Positive

Figure 10 is a detailed view of the first detection, Vg1 rises above the charge detection threshold at t = 0. When
this happens SD releases, the power FETs are enabled and Vg rises to the battery pack/charger voltage. Less
than 2ms later SD reasserts, Power FETs are disabled and Vour is set by the charger voltage (The pack voltage
in this case). Note: The glitches occurring between the first and second detection are because of the act of

mechanically connecting the nodes together.

DEET,_Gate

.

Y T

N

-8ms -4ms -2ms 0fhs

Measure P1top(C1]  P2:base(C1) P31opiC2]  P4:base(C2) P5top(C3]  P6:base(C3)

P7--- P8---

P---

22852V 28556 V 1160V 28840V 1363V

v v v v

value 842 pV
v

status L

Figure 10. CHMON Detection (first)
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3. LDMON Pin

The load monitor pin is designed to detect a connected load. In either a series (Figure 3) or parallel (Figure 4) path
power FET configuration the LDMON pin connects through a resistor (499Q) to the positive output of the
discharge path (PACK+). This node must include the DFET source. This pin should not be tied to the CHMON pin,
and it should not share a resistor with CHMON.

The load monitoring mechanism is different depending on which of two states the device is in. The first state is
Discharge Overcurrent Recovery, which uses the LDMON pin to detect the removal of the load following a
Discharge Overcurrent Fault (0x81.2 DOCF) or a Discharge Short Circuit Fault (0x81.3 DSCF). The second state
is Wake-up, which functions to wake the device up when detecting a load if the device is in SLEEP Mode, see
Load Detection.

Load detection does not bring a device out of the Power-down State, but a detection of a charger and a load in
Power-down can result in the device waking into NORMAL Mode with the power FETs off. The load must be
removed to recover, then the FETs are enabled.

3.1 Discharge Overcurrent Recovery

If the ISL94202 detects a DOC or DSC condition, the Discharge Overcurrent Recovery process (Figure 11) begins
~3s after the fault is detected. The LDMON pin injects ~60pA into the load for a duration set by the Load Detect
Pulse Width register (0x05.7:4 LDPW) every 256ms. With a load present the LDMON pin voltage falls below the
detection threshold and bit 0x82.0 LD PRSNT is set to 1. After the load is removed or rises to a sufficiently high
resistance, the LDMON pin voltage rises above the threshold, which results in the LD_PRSNT bit clearing.

If the uCFET bit is set to 0 and the load monitor detects that the load has been removed (LD_PRSNT = 0), the
power FETs are re-enabled (assuming no other faults) and the fault bit 0x81.2 DOCEF is cleared.

If the uCFET bit is set to 1 and LD_PRSNT along with the DOC fault bit clear, the external MCU must re-enable

the FETs.
—/ Load Rel During This Time
256ms’<—>
s i X Vipmon
LDMON Pin < >

Detects 2 LDMON Pulses Above Threshold L(

Vsc — D

N N

VbseNsE
—> = tscp <— toco —>» —> < tscp
1
1
DOC Bit 0 L— —
0 ‘ | 1
DSC Bit | ||- -
— r— — r - 2.5V
Outpslﬁ C Register 1 Read ' ' |
MG Register 1 Rea ‘—'— C Register 1 Read
HC is Optional H 9!
LDMON Detects
LDMON Detects Load Release | Load Release
. — Resets DOC, SCD Bit,
Vpp+15V Resets DOC, SCD Bit, Turns on FET Turns on FET
DFET
Output |_|
T T 1SL94202 Turns on DFET
(MCFET Bit = 0)
Figure 11. DOC and DSC Recovery
R16AN0021EUO100 Rev.1.00 IQENESAS Page 11

Mar 10, 2022



ISL94202 Sleep Mode Requirements Application Note

3.2 Load Detection

If the device is in SLEEP Mode, a load connection can be used to wake the device up. A load connection does not
wake the device from Power-down, a charger connection is required.

When entering SLEEP Mode (using 0x44-45 SLV, 0x48.[3:0] Idle/Doze Timer, or 0x88.2 Sleep), the 1SL94202
keeps the wake-up circuit disabled for ~50ms. During this time, the ISL94202 is in SLEEP Mode. After this delay,
the 1ISL94202 enables the load detection (Figure 12) and charger detection circuits. If a detection is made, the
device exits SLEEP to NORMAL Mode. If after the 50ms period there is no load or charger detection, the wakeup
circuit stays enabled and the device remains in SLEEP Mode. The circuit does not draw significant current.

Note: A charger connection to LDMON while in SLEEP Mode also wakes the device.

Important: Be aware of the timing and voltage levels. If an application has a particularly large capacitive load with
a slow discharge rate, there is a possibility that the voltage seen at the LDMON pin is large enough to stop the
device from sleeping. Conversely, if the voltage at LDMON drops to ~0V to quickly (<50ms), this also stops the
device from remaining in SLEEP Mode as the 1SL94202 detects a load connection. See Figure 7.

LDMON
—{1
1ISL94202
Sleep
3 ™\
NS
~8V -
J
Wake-Up
~0avyl_|.
J
VSS
Figure 12. LDMON Wake Up
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When a load is connected, it pulls the floating output node to ground. A 29.8kQ resistor was used for the following
example.

Figure 13 shows a load detection following a relatively long (>>50ms) period of Sleep. The initial detection is at
t = 0 with the second one at ~140ms. Note V1 (PACK+ in Figure 3) remains below the load detection threshold
during this period.

DFET Gate

vout

sD

-250 ms -200ms -150 ms -100ms -50ms 0ps 50 ms 100ms 150ms 200ms 250ms

Measure Pitop(C1l  P2base(€?)  P3top(C2)  PAbase(C2)  P5top(C3)  P6 base(C3) P7--- Pg--- Pg--- P10--- P11--- P12---
value 22797V 818V 43544V 1160 V 28877V 1.366 V
v L L4 v v T4

status v v 2
5 [ : | Timebase 0 ms|[Trigqer () M)
1.00 V/div| 10.0 V/div| 10.0 V/divy | 12 Bits 50.0 ms/div| Stop 1.0V
-3.0000 V -30.000 V -30.000 V§ | — | 100 kS 200 kS/s|Edge Positive

Figure 13. LDMON Detection (both)

Figure 14 is a detailed view of the first detection, Vo1 drops below the load detection threshold att = 0. When this
happens SD releases, the power FETs are enabled and Vgt rises to the battery pack voltage. Less than 2ms
later SD reasserts, Power FETs are disabled and VouyT drops back below the load detection threshold.

L
20v
50
0V
-~ ™
-10v
-10ms -&ms -6 ms -4ms -2ms oths 2ms 4ms 6ms 8ms 10ms

Measure P1top(C11  P2:base(C1) P3top(C2)  P4-base(C2) P5:top(C3)  P6:base(C3) P7:--- P8 -- P8 -- P10:--- P11:--- P12:---
value 22680 V -334 uv 43407V 1160 V 28.840V 1366 V
status 4 4 v 4 4

Figure 14. LDMON Detection (first)
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4. Mixed Detections

The ISL94202 requires two consecutive detections to wake the device if it has been in Sleep >>50ms. It does not
require two consecutive detections of the same type; this is an important feature in some applications. The most
common mixed detection example is a discharged capacitor.

A discharged capacitor looks like a short to the detection circuits as can be seen in Figure 15 and Figure 16 at
t=0. This is a load detection because Vg7 is below the LDMON threshold. In this case, the power FETs are
enabled long enough to charge the capacitor, then are shut off as in the other examples. The second detection is
above the CHMON threshold and the device transitions from SLEEP to NORMAL Mode.

DFET Gate

VOut

=0
1oV

-1

-250 ms -200ms -150ms -100ms -50ms 0'ps 50ms 100 ms 150ms 200ms 250ms
Measure Pliop(C1l  P2base(Cl)  P3ton(C2) P4base(C2)  P5top(C31  P6baselC3) PT--- PB--- Pg--- P10--- Pit--- P12---

value 22733V T4 my 43480V 1132V 28870V 1349V
stat o L4 v v v v

1 Timebase 0 ms|Trigger (1) L8
100vign]  0.0vidiv]  10.0widv | 12 Bits 50.0 ms/div|Stop 1.0V
30000V 30000V 30,000 V4 ; ° 100 ks~ 200 kS/s|Edge Positie

Figure 15. Discharged Cap (both)

7oV
60V
50V
DFET_Gate
40V
VDut
0V |
A
20V
sD
1nov
o
-10v
-10ms -8ms -6 ms -4 ms -2ms ofhs 2ms 4ms Gms 8ms 10ms
Measure P1:top(C1] P2 base(C1) P3:toniC2] __ P4:base(C2) P5:10p(C31  P6:base(C3) P7--- P8--- Pg--- P10-- - - P11-- - P12 --
value 22680 V -946 uv 27996V 1160 V 28.408V 1352V

status L4 L4 v v v v

1.00 V/div] 10.0 Vidiv|
-3.0000 V| -30.000 V|

Tbase 000 ms||Trigger (L
— Stop 100V
12Bits 5M5/s|Edge  Positive

Figure 16. Discharged Cap (first)
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5. Sleep Entry

The 1ISL94202 transitions to SLEEP Mode either by command or no detected current flow for a selected amount of
time as described in the previous sections. The device remains in Sleep until either a load or charger is detected.
The device waits 50ms following initial entry into Sleep before it enables the detection circuits. Important: If the
voltage after the ~50ms delay seen at either CHMON or LDMON pins is not between ~0.7V and ~8V, the device
does not stay in SLEEP Mode. If there is a large load capacitance, it may be necessary to partially discharge this
capacitor before the device sleeps.

]
Exit S|
Sleep ' Xk vleep
~8V
Voltage '
at
CHMON
or Sleep Sleep
LDMON '
~0.7
Exit Sleep
f Hystersis ~S0ms
Try Enter
Sleep

Figure 17. Sleep Qualifications

The following oscilloscope captures are provided to illustrate how the device performs under various load
conditions.

Probe C1 monitors the output of the shutdown (ﬁ) pin and a falling edge is used to trigger the capture. This pin is
pulled up to the device regulated voltage RGO and is Hi-z under normal operating conditions, it is pulled low to
indicate the FETs are disabled and the device is in Sleep Mode.

C2 is connected to the DFET gate to show the power FETs turn off as the device attempts to enter SLEEP Mode.

C3 monitors the output node Vg1 (PACK+ in Figure 3), the node where the load, DFET source, LDMON and
CHMON pins are tied.
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Figure 18 is an example of successful entry into SLEEP Mode. At t = -50ms the device begins the transition by
disabling the power FETs. Approximately 50ms later the SD pin asserts low and the first LDMON and CHMON pin
voltage tests are executed by the device. With Vo1 at ~1.3V, the device determines there is no load or charger
attached so it remains in Sleep.

DFET_Gate

BT
-100 ms. -80ms -60 ms -40 ms -20ms 0fs 20ms 40 ms 60 ms 80 ms 100ms

Measure P1top(C11  P2baselC1) P3:topiC2)  P4:base(C2) P51top(C31  P6:base(C3) PT--- P8:--- P9--- PA0:- - - Pi1--- P12:---
value 22760V T6mv 43464V 1109V 28840V 1292V
v v v

status v v v

c1 : : Tbase 0.0 m|[Trigger () 118

10.0 Vidiv 10.0 Vidiv}y : 12 Bits 20 0 msfdiv|Stop  1.00V]
-3.0000 V -30.000 V -30.000 VH : ® | 100 ks 500 ks/s|Edge Neg

Figure 18. SLEEP Mode Entry

Figure 19 illustrates how the device behaves if a load is present when the device attempts Sleep. In this example,
there is a purely resistive load of 29.8KQ (~1mA at VgaT = 30V). With a 0.001Q current sense resistor this load
current does not produce a detectable voltage across the sense resistor, therefore the device mode counters
progressively step down through the modes to Sleep (t = -50ms). SD asserts low at t = 0 and the first LDMON and
CHMON pin voltage tests are executed by the device. With Vg1 at 78mV, the device determines a load is
attached so it exits Sleep and transitions to NORMAL Mode.

DFET_Gate

v
100ms 80 ms &0ms 40ms 20ms 0%s 20ms 40ms 60ms 80ms 100ms
Measure P1too(C1l  P2base(Cl)  P3top(C2) P4base(C2)  P5ton(C3) P6base(C3) PT--- Pg- - Y- P10 - P11~ P12 .-

value 25980V 43437V 13 mv 28813V 8 mV
status E3 v v s v

40m

c1 Thase 0.0 mg|Trigger LANLIY
1.00 Vidiv 10.0 Vidiv 10.0 Vidiv ; o 200ms/dvfStop .00V
3.0000V -30.000V/ -30.000 V| ; * |100ks 500 kSis|Edge Positive

Figure 19. Sleep Failure (LDMON)
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In this application, the load must be removed for the device to Sleep or an MCU can force the device to Sleep if
the system includes one.

Figure 20 shows device behavior when attempting to enter Sleep if the load is purely capacitive. During the 50ms
between DFET shutoff and SD assertion, the capacitive load has only discharged to ~16V. Because this voltage is
well above the typical charger detection threshold, the device decides a charger is attached so it exits Sleep and
transitions to NORMAL mode.

DFET_Gate

10V
100ms 80ms -0 ms 40ms 20ms ohs 20ms 40ms 60 ms 80ms 100ms

Measure P1:top(C11 P2:base(C1) P3:ton(C2]  P4:base(C2) P5:topiC3]  P6:base(C3) PT---- P8:--- P9:--- P10:- - - P11:--- P12:---
value 24460\/ -36.0 mV 4454V 12.60V 2902V 16.08'V

caus % ;
JoCH] Tbase 0.0 s Trigger (NLAB)
1.00vid|  0.0vidv]  10.0wd | e 0.0 ms/div|Stop .00V
~3.0000 30.000v|  30.000 v ; T00ks” 500 1Sle|age | Neg

Figure 20. Sleep Failure (CHMON)

This case demonstrates that load must be discharged below the charger detection threshold for the device to
remain in Sleep.

6. Revision History

Revision Date Description
1.00 Mar 10, 2022 | Initial release.
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