m ANG392

Application note

Capacitive Charging Mode (CCM) of VNF1248F

Introduction

The purpose of this document is to demonstrate the functionality of the capacitive charging mode (CCM) feature in an
application environment using the EV-VNF1248F easy board (Rev. 3.0). For major details, please refer to the updated easy
board data brief (DB5511) and user manual (UM3487).

All tests were conducted on a typical sample representative of the standard population.
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1 System Overview

1.1 VNF1248F Description

The VNF1248F is an advanced controller for a power MOSFET in a high-side configuration. It is designed to
implement an intelligent high-side switch for 12 V, 24 V, and 48 V automotive applications. The control IC
interfaces with a host microcontroller through a 3.3 V and 5 V CMOS-compatible SPI interface. It provides
protection features and diagnostics signals for the system.

1.2 Block diagram and pin description

Figure 1. Block diagram
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Figure 2. Configuration diagram (top through view)
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Note: TAB connection must be connected to the ground. TAB is not intended as the device reference ground (a

dedicated pin shall be used).

Table 1. Pin functions

TAB GND

1 VSPI DC supply input for the SPI interface. 3.3 V and 5 V are compatible.

2 CSN Chip select (active low) for SPI communication. It is the selection pin of the device. CMOS compatible
input.

3 SDI Serial data input for SPI communication. Data is transferred serially into the device and sampled on the
SCKrising edge.

4 sSDO Serial data output for SPI communication. Data is transferred serially out of the device on the SCK falling
edge.

5 SCK Serial clock for SPI communication. It is a CMOS compatible input.
Open drain logic output. Diagnostic feedback. DIAG ='0"if ((SR1.FAILSAFE_ST="1" or

6 DIAG (CR1.AUTO_ON_DIS="1") and BYPASS_SAT='1") or (GSB.DIAGS ="1") or (GSB.DE ='1") or "internal

oscillator fault event" else '1'
7 TEST1 | Test mode pin 1 - It must be connected to the ground through 1 kQ resistor.
8 TEST2 | Test mode pin 2 - It must be connected to the ground through 1 kQ resistor.

Direct input to wake up device from standby and to directly control gate turn-on/turn-off. If not used, it

9 DIN must be connected to the ground through 1 kQ resistor.
Active high input pin compatible with 3.3 V and 5 V CMOS. If not used, it must be connected to the
10 HWLO .
ground through 1 kQ resistor.
11, 16,
17, 22, N.C Not connected.
26, 32
Output of the 3.3 V internal LDO voltage regulator (logic and I/O supply).
12 Vavs p ge reg (log pply)

Connect a low ESR capacitor (1 yF) close to this pin.
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13 GND Ground connection.

14 EXT_LDO ' External V3V3 supply. If not used, it must be connected to the ground through 1 kQ resistor.
15 OUTST | Gate status monitor.
18 NTC_M | Negative input pin for external NTC resistor.

19 NTC Positive input pin for external NTC resistor.
20 ISNS_N | Current sense amplifier negative input.

21 ISNS_P | Current sense amplifier positive input.

23 ouT External FET source connection.

24 HS_GATE Output of the gate driver for the external FET.

25 VS Input supply pin. Connect to the 12 V, 24 V, 48 V battery voltage.
27 CP Charge pump output.

28 CP2P | Charge pump—positive terminal of the flying capacitor Cpo.

29 CP2M | Charge pump—negative terminal of the flying capacitor Cpy.

30 CP1P  Charge pump—positive terminal of the flying capacitor Cp1.

31 CP1M | Charge pump-negative terminal of the flying capacitor Cp.

Note: For more detailed information, please refer to the device datasheet.

Typical application diagrams for 3.3 V and 5.0 V applications, as well as the suggested component of the bill of
material, are reported in Section 1.3.

1.3 Typical application schematic

Figure 3. EV-VNF1248F simplified schematic

VBATT
CI3 v, b, A
. <
Cs _L C1//CQ_L *
= - Tr_dt
use cP VS J; JT- = v
SENSE
T cP2pP ISNS_P
Cy —/— cPam Rsense §
3.3V Voltage CP1P ISNS_N
regulator C, ==
Ry 2 CP1M NTC_M
Wy o Rzz%
Rg
1H VSPI NTC T o~
Ry é Rag Rg
I TEST1 UNF1248F "o o ,mv__|l:}
Rag - GB
I~ TEST2 out ?
R
S0 AN DIN
R&/\N\, DIAG
Ras
EV-SPC5828 AN HWLO
Rag D, ZA Loap
AN ouTsT
CSN
4 R, Rs, Rg, Rig /\N\/ SDI
SDO
EXT LDO GND  V3V3
Ro1 Rog §
LED, N 7

ANG6392 - Rev 1 page 4/102



‘_ ANG6392
,’ System Overview

Table 2. Adopted BOM on VNF1248F application easy board

Cs C11/Cg 2*10 uF
Cs2 Cs 100 nF
Cp1, Cp2 Cy, Cy 470 nF
Cp Cs 470 nF
Cvspl Cs 330 nF
Cvavs Cs 1uF
Rpy R11 4.7 kQ
Ro3 47 kQ
Rep
Ro1 4.7 kQ
RproT(sPI) R4 330 Q
RproT(OUTST) Rog 330 Q
ReroT R2, Rs, Re, R1g, R2o, R3o, Ra3, Ras, Rag, Rao 1kQ
Reate Re 1Q
Res Res 47 kQ
Rrer Rz 10kQ 1%
RsHunT Rsense 5mQ
Rnte Rs B57232V5103F360
External MOSFET Qo STL135N8F7AG
Reverse polarity protection D4 STPS2H100AY
Free wheeling diode Do STPS5H100-Y
- LED3 Red LED
Voltage suppressor Tr_d1 SM15T68CAY
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Figure 4. Schematic of adopted VNF1248F application easy board
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Figure 5. Layout of adopted VNF1248F application easy board
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2 Capacitive Charging Mode — CCM

2.1 CCM and variables tuning application behavior

The device state machine implements a PWM-based control for the high-side driver controller to enable charging
a capacitive load through the off-chip power MOSFET driven by the device.

The CCM feature is always available (for detailed information please refer to the flow charts available in "Capacity
Charging Mode - CCM" chapter in the device datasheet, DS14109), and it can be triggered either in Unlocked/
Locked or in Fail-safe states.

The capacitive load charging sequence is split into two phases as shown in Figure 6:

1. Start charging phase: in this phase, the load is charged with a slower PWM period to check for a possible
short circuit at the output; a maximum number of PWM pulses is allowed to reach a minimum Voyr value,

otherwise CCM is aborted.

2. Standard charging phase: in this phase, the load is charged with a nominal PWM period until VDS reaches
an internally defined threshold (100 mV), or a timeout limit is reached.

Figure 6. CCM charging phases
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The register SR#1 (at address 0x11) reports the CCM status within the CCM_STATUS field, bits [23:22]. These
two bits define four possible configurations:

. 00 — IDLE: CCM operation not started

. 01 — RUN: CCM operation running

. 10 — CHARGED: CCM operation completed successfully

. 11 — CHARGE INCOMPLETE: CCM operation aborted or stopped
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Burst mode control for charging a capacitive load is configured by the following parameters, which must be

programmed in dedicated registers:

Table 3. CCM relevant fields

Parameter Description Field name

(ton * torr) set during

PWM period standard charging phase CCM_PWM_T
PWM toy time | VWM interval time with high- '~ o\, pyyy ToN
side driver turned on
to multiply by 1-2-4-8 Ton
PWM ton time defined by
multiplying ) CCM_PWM_TON_MF
factor CCM_PWM_TON setting, for

duty cycle configuration

PWM period (Ton + Toff) set
PWMdstan during starting phase (short  ccm PWM SC T
perio - - =
circuit check)

Max number of PWM pulses
PWM start during

pulses max CCM_PWM_SC_T_NB
number starting phase (short circuit

check)

CCM timeout | Maximum time allowedto ' ooy mveQUT
charging phase

VOUT limit to be achieved to

VOUT switch from starting phase to | CCM_VOUT_THR
threshold .
standard charging phase
It configures the Delta V
Hard short ]
S reading at extremes of
circuit latch-off ’ . HSC_THR
threshold RSHUNT triggering the HSC
protection
Nominal Value of the nominal
overcurrent overcurrent threshold for the  OVC _THR
threshold eFuse emulation
Value of nominal time
required for the eFuse
Nominal time | emulation. It corresponds to T NOM

ON the trip time obtained when
the current is equal to the
nominal overcurrent threshold

Additional important variables affecting the CCM behavior are:

. Vg battery supply voltage of entire application circuit
. RsHunT dimension

. Ambient temperature

. CLoap features and connection
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Field

position
in bits

7:2

13:8

19:18

16:14

21:17

23:22

16:14

10:7

15:11

23:16

Register
number

CR#5

CR#5

CR#3

CR#5

CR#5

CR#5

CR#3

CR#2

CR#2

CR#2

Range

From 50 to 4000 ps
corresponding to frequency
from 250 Hz to 20 KHz.

(refer to "CCM PWM ton
setting" table in DS14109)

1-50 ps (refer to "CCM PWM
ton setting” table in
DS14109)

1-2-4-8

2.0-2.5-3.0-3.5-4.0 ms

From 5 to 50 pulses (refer to
"CCM PWM max. start
pulses number setting" table
in DS14109)

200-250-300-400 ms

1-2-3-4-5V

From 20 to 160 mV (refer to
"hard short circuit protection
with integrated 10-bit ADC"
table in DS14109)

From 6 to 90 mV (refer to
"overcurrent protection”
table in DS14109)

From 1 to 511 s (refer to
"CCM PWM max. start
pulses number setting" table
in DS14109)
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2.2 Start Charging Phase

During this phase, the load is charged with a Tony (CCM_PWM_TON) and a PWM period (CCM_PWM_SC_T) to
check for possible short circuit on output.

This phase ends when one of the following two conditions occurs:

. Vour triggers the threshold as set in CR#3 (CCM_VOUT_THR) so that the standard phase can start

. The maximum number of PWM pulses has been reached as set in CR#5 (CCM_PWM_SC_T_NB) with
Vout below the threshold set by CCM_VOUT_THR

For the second condition, where the charging phase is interrupted, when the field CCM_STATUS (bits [23:22] of
SR#1) sets to “11”, it means that the charging of the load has not succeeded. This event can occur in case of a
setup not able to allow VgoyT to reach the target threshold set by CCM_VOUT_THR (see Figure 63 below) or in
case of short circuit between OUT and GND (see Figure 107 below).

2.3 Standard Charging Phase

Once the “Start Charging Phase” has been successfully completed (i. e.: Vour triggers the target threshold), the
load charging continues with a nominal PWM period (CCM_PWM_T).
The CCM ends when one of the following two conditions occurs:
. External power MOS VDS reaches an internally defined threshold (100 mV).
The field CCM_STATUS (bits [23:22] of SR#1) sets to “10” meaning that the charging of the load is
completed successfully
. tccm timeout elapsed (CCM_TIMEOUT).

The field CCM_STATUS (bits [23:22] of SR#1) sets to “11” indicating that the charging of the load is
aborted (see Figure 113 below).

2.4 How to launch CCM

Capacitive charging mode can be launched with the device in Fail-safe, Unlocked or Locked state.

Please consider that with the device in Unlocked state, it is possible to configure all parameters reported in

Table 5 by writing the related involved bits in the indicated fields while in case of the device in Fail-safe or Locked
state, the mentioned parameters will follow the contents in the related CRs of NVM. For NVM operation, refer to
AN6394 "NVM feature of VNF1248F"

Once the device is in Unlocked or Locked state, the CCM will be started or stopped by means of dedicated
commands ON and OFF on bits 18 (CCM_CTRL_ON) and 19 (CCM_CTRL_OFF) inside CR#1.

Please refer to the trial setup A1 vs A2 below for the CCM with the device in Unlocked vs Locked state.
Refer to the trial setup Z1 vs Z3 below for the charge completed or aborted with device in Unlocked state.

Once the device is in Fail-safe state, capacitive load burst charging mode functionality can be enabled by proper
DIN toggling sequence that ends with DIN high to maintain HS_GATE ON. In Fail-safe, the CCM can be stopped
before charge completion by setting DIN low. Please refer to the trial setup Z2 vs Z4 below for the charge
completed or aborted with device in Fail-safe state.
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3 CCM test in Unlocked vs Locked vs Fail-safe state

This paragraph reports the examples of the charge of a capacitance working with the application circuit indicated
in Figure 16, having Rsyynt =5 mQ and Cg =2 * 10 uF (100 V) and using the following setups.

3.1 Trial Setup A1
. Vg =13V
. Ambient temperature = room temperature ~25°C generating TJ ~30°C
. CLoaD = 2.2 mF (measured 2.08 mF)
. Device in Unlocked state with following settings:

- CCM_VOUT_THR — bits [16:14] of CR#5 set @ "000b" = 1V

- OVC_THR = VOC_THRS_31 — bits [15:11] of CR#2 set @ "11111b" = 89.3 mV
- HSC_THR = VHSC_THRS_15 — bits [10:7] of CR#2 set @ "11111b" = 160 mV
- T_NOM = T_NOMpn — bits [23:16] of CR#2 set @ "00000000b" =1 s

- CCM_PWM_TON — bits [13:8] of CR#5 set @ "111111b" = 50 us

- CCM_PWM_TON_MF — bits [19:18] of CR#3 set @ “01b” = 2 x

- CCM_PWM_SC_T_NB — bits [21:17] of CR#5 set @ “01111b” = 20 pulses

- CCM_PWM_T — bits [7:2] of CR#5 set @ “000100b” = 300 us

- CCM_TIMEOUT — bits [23:22] of CR#5 set @ “00b” = 200 ms

- CCM_PWM_SC_T — bits [16:14] of CR#5 set @ “000b” = 2 ms

- GUI settings as per Figure 7

Figure 7. CCM configuration and result from GUI for test setup A1
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With the mentioned setup A1, the C_pap is charged in 8 ms (start phase) + 12.9 ms (standard phase).
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Waveforms acquired during CCM with setup A1
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The image below highlights the two phases during the CCM and the 12t - fuse protections triggering.

Zoomed waveforms acquired during CCM with setup A1
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Figure 9 points out that the CCM time ON and time OFF configured in CR#5 are visible only when 12t protection is
no longer triggered.
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Zoomed waveforms acquired during CCM with setup A1
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The CCM activation on the same circuit, C_oap and Vg, but with the device in Locked mode, generates a different

result because the device, once in Locked or Fail-safe modes, recovers the default setting written in the NVM.

In case of device in Locked state, the CCM operation is incomplete after 10 ms, with Vot reaching 0.4 V after
the five set pulses, as shown in trial A2 below.
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3.2 Trial Setup A2
. Vg=13V
. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoaD = 2.2 mF (measured 2.08 mF)
. Device in Locked state recovering default NVM setting (the DUT was moved from Unlocked state with

NVM_CFG_EN = 1b, bit 16 of CR#1, to Locked state):
- CCM_VOUT_THR =1V

- OVC_THR =VOC_THRS_0 — 6 mV

- HSC_THR =VHSC_THRS_0 — 20 mV

- T_NOM=T_NOMyn— 1s

- CCM_PWM_TON = Ty stopped by protection
- CCM_PWM_SC_T_NB =5 pulses

- CCM_PWM_T =50 ps

- CCM_PWM_TON_MF =1 x

- CCM_TIMEOUT = 200 ms

- CCM_PWM_SC_T=2ms

- GUI settings collected at the end of CCM operations as shown in Figure 11

Figure 11. CCM configuration and result from GUI for test setup A2

Nominal Time CCM ( Capacitive Load Charge BurstMode) Conf. Register

I 1s
il CCM Status INCOMPLETE o]

THresHolds CCM TimeOut |2oo ms - Addr.  ox11 L] ‘_ul

R oot Wj 23 CCM_STATUST 1

PWM Max on bt

6 v 22 CCM_STATUSO 1

e CCM PWM TimeON AMPL. x1 v —. e -

HSC (mV) 20 bs 20 EXT_REGON 0

19 DIN_ST 0

VDS (mV) 300 e CCM PWM TimeON TON Protection 18 DISOUT_FAL 0

17 SELFTEST 0
NTC@mV)  [11092 - B R i outst 0

16 BYPASSST 0

CCM VOUT (V) ks b CCM PWM Pulse 5 Pulse 14 LOCKED_STATE 1

J 13 FAILSAFE 0

4 e e e L e e e e e B s O RO

o 3] 12 HWOST 0

1" VS_uv 0

CCM PWM Period 50 us 10 HSHT 0

 — 9 VDS_MAX KO
'8 BYPASS SAT 0

7  FUSE_LATCH 0

CCM ON —

[» ccmon CATEOn B ccm oFF 6 ove 0

5 DEV.OVT 0

4 NTC_OVT 0

3 vesllow 0

2 CP_LOW 0

1 WD_FAIL 0

0 PARTYBIT |

0xC04001
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CCM test in Unlocked vs Locked vs Fail-safe state

Waveforms acquired during CCM with test setup A2

) File 8 Vertical ++Timebase | Trigger E3Display # Cursors [ Measure @@ Math (= Analysis X Utiities @ Support Normal

P1:mean(VB) P2max(I0UT)  P3:max(VOUT) P4max(VS) P5max(CP) P&:max(I SUPPLY) P7:ampl(VB) P8:ampl(VS) PO max(Vs) P10min(VS)
765V 034V 35V 3

13123V 1593V 1593V 1259V

v ¥ v x

=l GEE |5 C8 | _HD_JTbase -150 ms|Trigger [E)E

10UT IAG | P 500ms/div Stop  11.0V

100 Vidiv 10.0 Vidiv 100 Vidiv 10.0 Vidiv 500 Aldiv 500 Vidiv 10.0 Vidiv 25MS  50MSis Edge  Posiive
12,0000V 17.0000V 100000V 200000V -190000A  67000Vofst 8.0000Vofst| - X1= 799886ms AX= 187432ms
131222V | 156222V |  4018mV |  5734mV | 84mA |  363mV | 209428V X2= 987318ms 1/AX= 533527 Hz

131083V 1 142383V 1  3006mV 7  3334mV T00pA 1 22503V 7 285965V 1 B
TELEDYNE LECROY 1112012025 40448 AM

Also, in case of the device in Fail-safe state, the CCM operation is incomplete after 10 ms, with VoyT reaching 0.4
V after the five set pulses. Considering that CCM operations in Fail-safe are activated by DIN toggling ending with
DIN high, the DIAG signal remains low and FUSE_LATCH + HSC are reported on SR#1 together with the CCM
STATUS incomplete as shown in the images below related to trial A3.
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CCM test in Unlocked vs Locked vs Fail-safe state

3.3 Trial Setup A3
. Vg=13V
. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoaD = 2.2 mF (measured 2.08 mF)
. Device in Fail-safe state recovering default NVM setting:

- CCM_VOUT_THR =1V

- OVC_THR =OVC_THRS_0 — 6 mV

- HSC_THR =VHSC_THRS_0 — 20 mV

- T_NOM=T_NOMyn — 1s

- CCM_PWM_TON = Ty stopped by protection
- CCM_PWM_SC_T_NB =5 pulses

- CCM_PWM_T =50 ps

- CCM_PWM_TON_MF =1 x

- CCM_TIMEOUT = 200 ms

- CCM_PWM_SC_T=2ms

- GUI settings collected at the end of CCM operations as shown in Figure 13

Figure 13. CCM configuration and result from GUI for test setup A3

Nominal Time CCM ( Capacitive Load Charge BurstMode) Conf. Register
i 1s CCM Status INCOMPLETE Status Reg!

THresHolds CCM TimeOut 200 ms - Addr.  ox11 c|[r]

23 CCM_STATUS1 |

m CCM PWM Max Duration 2.0ms v 22 CCM_STATUSO 1

OVC (mV) - 21 CS_uv 0

CCM PWM TimeON AMPL. x ~ 20 EXTREGON 0

20 v _REG_

HOC (=) 19 DN.ST 1

VDS (mV) 300 e CCM PWM TimeON TON Protection 18 DISOUT_FAL 0

17 SELFTEST 0
NTC (mV) 11092 - T — 16 outsT 0

16 BYPASSST 0

CCM VOUT (V) 1 v CCM PWM Pulse 5 Pulse 14 LOCKED_STATE 0

I 13 FALSAFE |

uvv) 4 - 12 HWLO_ST 0

1 VS_UV 0

CCM PWM Period B0 10 HSHT 1

| 9 VDS_MAX 0
------------------------------------------ '8 BYPASS_SAT 0

7 FUSE_LATCH |

CCM ON

» ccmoon B B cem oFF 6 ove 0

s EOn 5 DEV.OVI |0

4 NTC_OVT 0

8 VGS_LOW 0

) cPLOW 0

1 WD_FAL 0
0 PARNYBIT 1

0xC82481
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CCM test in Unlocked vs Locked vs Fail-safe state

Waveforms acquired during CCM with test setup A3

Fie  § Vertical =+ Timebase I Trigger @ Display & Cursors ] Measure @ Math = Analysis X Utiiies @ Support Normal

P1:mean(VB) P2max(I0UT)  P3:max(VOUT) P4max(VS) P5max(CP) P6:max(DIN) P7:ampl(VB) Pg:ampl(VS) PYmax(Vs) P10min(VS)
13117V 6 A 774V 1583V 3027V 527V 906V 2246V 1583V 1257V

[ocTH] [o1 FIE[0T C5 C6 B L HD JTbase -6.00 ms]Trigger
E IoUT DIAG

12Bils 2,00 ms/div Stop
10.0 Vidiv 10.0 Vidiv 10.0 Vidiv 10.0 Vidiv 500 Aldiv 5,00 Vidiv 10.0 Vidiv 5.00 Vidiv 25MS  125MSis Edge
11,5000V 16.0000V 100000V 200000V -19.0000A  30000Vofst| 7.0000Vofsi  -16.0000V X1= 7054760ms AX= 2056224 ms
131069V | 155250V )  3607mV |  6459mV |  -146mA | 363mv|, 298842V | 50049V 10010084 ms 1/AX= 486,328 Hz
T 131083V 1 154930V 1  4046mV T  5525mV 1 153mA T 181mv|i  208501V|t 50077V _
TELEDYNE LECROY

1 025 4:09:34 AM

@) File % Vertical ¢+ Timebase ! Trigger & Display & Cursors [] Measure @ Math |~ Analysis X Utiities @ Support

P1:mean(VB) P2:max(I0UT) P4:max(VS) P5:max(CP) P&:max(DIN) P7:ampl(VB) P8:ampl(VS) PYmax(Vs) P10min(VS)
13068V 1195A 1455V 2882V 610V 820V 187 455V 1228
v v v v x v
TC E[F[E[OT T - 5 .

LD [ Timebase 5.0 ] Trigger
S 12 Bits 5.00 ps/div Stop 10V
10.0 Vidiv 10.0 Vidiv 10.0 Vidiv 10.0 Vidiv 5.00 A/div 5.00 Vidiv 10.0 Vidiv, 5.00 Vidiv

t

0 di
11,5000V 16,0000V 100000V 200000V -190000A 30000V ofst| 7.0000V ofst Xi= 122271ps AX=  31975ps
i 131543V | 126381V | 42mv | 865mvV | 49mA | 31264V | 268987V | 446mV i X2= 90296 ps 1/AX= 312744 kHz
T 131236V 126172V 1 153mVi  907mV 1 112mA T 34124V[1  268903V|7  272mV{ i
TELEDYNE LECROY

500kS  10GS/s Edge Positive
-16.0000 V H

11/20/2025 4:11:23 AM
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Application boost effects

4 Application boost effects

An important aspect that the user must consider to correctly dimension the final application is that the combination
of the circuit itself and the parasitic inductance of the surrounding connections leads results in a hidden boost
architecture, potentially causing hazardous effects.

The hidden boost architecture is illustrated in Figure 16, where the inductance effect arises from the potentially
long wire connecting the battery to the module on which the VNF 1248F application is mounted.

Figure 16. Hidden boost schematization

LSUPPLY

D1
| Power
VS J_ I“* W + Supp|y
Cs

VNF1248F ; Rsunt § ¢

oATE —||:}

D2

ouT Iﬁ

|—LOAD

i
!

The hazardous effects of the hidden boost architecture are evident in the setup analyzed in the previous chapters.
In Figure 8, Vg achieves a maximum value of 60.3 V.

During the standard charging phase, the voltage on the VS pin increases along with the output voltage. In addition
to the VS pin, the ISNS_P and ISNS_N pins are also impacted by the side effects of the hidden boost. Of course,
the CP voltage value also increases as a consequence of this effect.

The VNF1248F can withstand these side effects as long as the voltage of the affected pins remains below their
absolute maximum rating (AMR) value, which is 70 V for the VS, ISNS_P, and ISNS_N pins and 90 V for the CP
pin.

To mitigate the hazardous effects of the hidden boost, an additional capacitance Cy can be placed between the
supply and ground connectors of the module.

This solution is suggested for 12 V applications, while it is absolutely needed for applications with a 24 V or 48 V
battery to avoid reaching dangerous voltage values above AMR. In this case, a capacitance or a combination of
caps, must fit with the required breakdown voltage (> 60 V) and provide a clamping voltage below the AMR (70
V).

To select the input capacitor C|y, we performed several checks and calculations in our circuit using an energy-
balance approach: the energy stored in the parasitic inductance LgyppLy is transferred to the input capacitor Cyy,
causing its voltage to rise from Vga7T to Vg (Which must remain <70 V).

The schematic adding Cy and the schematic of the ST application circuit, showing the points in which the voltage
and current measurements were performed, are reported below:
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Figure 17. Schematic of applicative circuit with the insertion of dedicated Cy to smooth boost effect

D1 LsuppLy

| < I + Power

VS J_ [ supply

Cs J_ Cin
V.=V

VNF1248F

GME-—————%[:

D2

ouT ﬁ

I-LOAD

CLOAD

Figure 18. Schematic of applicative circuit used to assess the dimension of Cjy

"
0000000 QO00000000000

Power
A * supply

~0.4 m wire — ~0.45 pH

~0.5 m wire

~0.3 m wire

+ -

CLOAD

| | :
O0O0000C00 Tooood

00000000000 MNO0Q00000 (
00000000000 00000000
— Al

,

~1 m wire >~ 1 uH

First of all, we focused on the waveforms captured during the 15t pulse related to trial setup A1, in which no Cjy
was mounted, to assess the LgyppLy value and develop a model able to relate the VS step to the adopted setups.
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Waveforms collected on 15t CCM pulse using setup A1

Verficl = Timabase [ Tegoer B3 Display  # Corsors Bl Measure @ Math | Ay X Utibas @ Support Harmal

T

!
¥
1

1
1 73863
TELEDYNE LECAO'

Once CCM is started, the power MOSFET is turned ON and the HS_GATE stays ON until hard short protection is
triggered (in this case Ton = 11 us). The two current peaks are very similar in the ramp up but differ in the ramp
down due to the contribution of D2 connected to OUT. In ~4.9 ps after HS_GATE turns OFF, the current from the
power supply (in orange) charges the Csg.

The LsyppLy can be calculated by the formula:

dt
Lsyppry = VLlsyppry * a

Considering that:

M AVLSUPPLY =VBB-VB=16V
. dt=11ps

. di = Ipgak suppLY = 39.6 A

We have LgyppLy = 444 nH

For the principle of energy conservation, we have that the energy stored in the parasitic inductance LgyppLy is
transferred to the input capacitor (only Cg in this case) causing its voltage to rise from Vg to Vg (equal to AV on
the extremes of the input capacitance):

1 2 1 2
ErsuppLy = 5 * Lsuppry *IpaksuppLy” = Ec = 5 *C* 4V

L *] 2
AVZ _ LSsuppPLY PEAKSUPPLY
= C

Considering that C = Cg + Cjy = 20 pF

AV =59V that is fully aligned with the 6.0 V amplitude measured by the pink probe on the VS signal before and
after the 15 pulse.

This calculation is summarized in the figure below.
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Figure 20. Schematic and calculation adopted in setup A1

Vs D1 VB VB B
| 1 Power

ST - (Al-m— + supply ~

Lsuppry= 444 nH

; Cs=20 pF (calculated) ¢
VNF1248F

A1 trial
GATE 4||:} Comments:
* The gate HS is turned OFF due to HSC in 1st pulse that has a toy = 11 ps
¢ loyr differs from IsuppLy at gate turn-on due to D2 contribution
VOUT * In the ~5 ps after HS_Gate turn-off, the lpgax coming from the supply
D2 charges Cg

38.8A

Lsuppry = Visuppy “dt/di=1.6 V* 11 us/39.6 A = 0.444 pH
Lioap In agreement with principle of energy conservation the Delta V at the
extremes of C (= Cgin this case) can be assessed as per below:
Vour © YrLriz=1%C* V2
Croap™ 0.444 pH * 39.6% A2 = 20 pF * V2
2.08 mF

MESSUES)  and affer 14 puise

lout

ouT h Calculations:
| ? AV syppy = VB B-VB

To consolidate the above model and assess the dimension of Cy\ value to be added to Cg to achieve the wanted
safe AV on Vg, we repeated the charge of the same C_ oap with the same setup of trial A1 by inserting different
CiN with measured value of 18.6 pF, 37.9 pF, and 42.6 pF and verifying the AV on Vg generating trials B1, B2 and
B3 with results summarized in table 4 below and detailed in the next paragraphs.

Table 4. Evaluations done to assess LgyppLy

C=Cg+ HS_GATE
tcHARGE AVisuppLy | LsupppLy
CiN ton
of C oad measured | calculated | measured | calculated
(mounted) | value | value | ~. measured | measured - -
X in ms . inV in yH
in pF in pus
A1 20 74.7 | 60.3 20.9 39.6 11.0 1.60 0.444 6.00 5.90
B1 38.6 433  29.0 20.6 37.3 10.8 1.60 0.463 4.18 4.09
B2 58.6 348 204 20.9 31.1 9.3 1.50 0.448 2.70 2.70
B3 63.4 29.8 15.4 20.6 31.1 9.0 1.55 0.449 2.69 2.62
4.1 Trial Setup B1

Trial B1 uses the same setup as trial A1 (DUT in Unlocked state) with the only insertion of Cy of nominal 22 uF
(measured 18.6 uF).

The C_pap is charged in approximately the same time while the max achieved values on CP and VS appear
smoother compared to trial A1 as shown in Figure 21.
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Application boost effects

Schematic and calculation adopted in setup B1

1

VOouT

<

; Cs= 20 uF

;C,N =18.6 yF

Trial Setup B2

Trial B2 uses the same setup as trial A1 (DUT in Unlocked state) with the only insertion of Cy of nominal 2 * 22
uF (measured 38.6 uF).

The C_oap is charged in approximately the same time of trials A1 and B1 while the max achieved values on CP

and VS appear even smoother.

B Fin T Vedcal = Tmsbase

lour = 39.5 A

I Trapar =3 Despirmy

# Cursors

Lioap

VOUT c

Croan=
2.08 mF
(measured)

VB
A Mmsx l
J_ LsuppLy= 463 nH
(calculated)

VB B

Power
supply

Comments:

» The gate HS is turned OFF due to HSC in 1st pulse that has a toy = 10.8 ps

¢ loyr differs from IsyppLy at gate turn-on due to D2 and Cyy contributions

 In the ~5 ps after HS_Gate turn-off, the |pgac coming from the supply
charges Cs + Ciy

B1 trial

Calculations:

AVigyppry = VB B-VB

LsuppLy = Visuppry *dt/di=1.6V*10.8 ys/37.3 A=0.463 pH

In agreement with principle of energy conservation the Delta V at the
extremes of C (= Cgin this case) can be assessed as per below:
a*L*i2=1%C*V?

0.463 pH * 37.32 A2 = 38.6 pF * V2

AV =4.09 V (calculated) aligned with the 4.18 VV gap measured on VS before
and after 1% pulse

Waveforms acquired during CCM with setup B2

Mamsire

12 dmh 7

E M e




Waveforms collected on 15t CCM pulse using setup B2
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Schematic and calculation adopted in setup B2

S D1 VB VB B

P
e T

Lsuppry= 441 nH

; Cg=20 uF ; (calculated) ¢
VNF1248F Cu=38.64F

B2 trial

GATE [:} Comments:

* The gate HS is turned OFF due to HSC in 1st pulse that has a toy = 9.3 s
* |y differs from IsyppLy at gate turn-on due to D2 and Cyy contributions
VOUT ¢ In the ~5 ps after HS_Gate turn-off, the lpgax coming from the supply

D2 charges Cs + Ciy

|
ouT A lﬁ Calculations:
AVisupry = VB B-VB

<

; Lsuppiy = Visuppy *dt/di=1.5V*9.3 us/31.1 A=0.441 yH

I Lioan In agreement with principle of energy conservation the Delta V at the

% % extremes of C (= Cgin this case) can be assessed as per below:

- Vour © Y L*i2=1%C* V2
CrLoap™ 0.441 yH* 31.12 A2 = 58.6 pF *V?
(2-08 mF 0 AV = 2.70 V (calculated) aligned with the 2.70 V gap measured on VS before
measuret

and after 1%t pulse

Trial Setup B3

Trial B3 uses the same setup as trial A1 (DUT in Unlocked state) with the only insertion of Cy of nominal 47 uF
(measured 43.4 uF).

The C_oap is charged in approximately the same time of previous trials A1, B1 and B2 while the max achieved
values on CP and VS appear even smoother.

Application boost effects
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Figure 29. Schematic and calculation adopted in setup B3

Vs D1 VB VB B

l Power

vs T I‘ J_JE_/W“— * supply

LsuppLy= 449 nH

; Cs= 20 uF ; (calculated) ¢
VNF1248F Cin =434 uF

B3 trial
GATE | Comments:
* The gate HS is turned OFF due to HSC in 1st pulse that has a toy = 9 ps
¢ loyr differs from Isyppry at gate turn-on due to D2 and Cyy contributions
VOUT ¢ In the ~5 ps after HS_Gate turn-off, the Ipza« coming from the supply

charges Cs + Ciy

| |
out Iﬁ Calculations:
A AVisupry = VB B-VB

<
% Lsuppry = Visuppry *dt/di=1.55V*9 us/31.1 A=0.449 uH
I Lioap In agreement with principle of energy conservation the Delta V at the
= . .
3 extremes of C (= Cgin this case) can be assessed as per below:
- Vour € VL= 1%C*\2
CrLoan= 0.449 pyH* 31.12 A2 = 63.4 uF * V2
2.08 mF
(measured)  and after 1+ pulse

Based on the results from above tests, we assessed that LgyppLy ~450 nH. Assuming a peak current Ipgak ~10 A
(due to the contribution of Cg + Cy), we estimated that the Cjy value to be used to limit the AV on Vs to 0.4 V (a
very safe value that strongly limits the boost effect):

%*L*i2=1%4C*V2

0.45 uH * 102 A2 = C pF * 0.42
C=Cg+Cy=281puF

CiNn =261 pF

4.4 Trial Setup B4

Below is the results of the CCM test using the same setup of trial A1 with insertion of C;y of nominal 300 yF
(measured 314 pF) generating trial B4.
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The usage of Cy = 314 pF generates the following results:
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Application boost effects

Waveforms acquired during CCM with setup B4
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tcHARGE = 22.7 ms

lpeak = 7.9 A

AVisuppLy = VB B — VB = 0.67 V
HS_GATE ton = 7.1 ps

AV =0.38V

|
i
|

Hormal
4

|
|
|

1

The CLoap is charged in a time slightly longer than in the previous cases (20.8 ms vs 22.7 ms) due to the impact
of the greater Cy in the standard phase (in each pulse, the supply must charge both C_poap and Cin).
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The measured gap on VS is close to the estimated 0.4 V, even if the Ipgak resulted lower than assessed (7.9 A vs
10 A) due to the contribution of Cjy. Reusing the same model adopted for the previous cases A1, B1, B2 and B3,
we estimate for LsyppLy a value greater than the previously assessed one (602 pF vs 450 pF).

Of course, these little errors are consequences of the adopted simplified model, but the safe wanted gap on VS
was achieved, close to expectations.

Figure 32. Schematic and calculation adopted in setup B4
VS D1 VB VBB

o e

Lsuppry= 602 nH

; Cg= 20 uF ; (calculated) ¢
VNF1248F Cn =314 4F

B4 trial
GATE | | Comments:
* The gate HS is turned OFF due to HSC in 1st pulse that has a toy = 7.1 us
due to the contribution coming from Cy
VOouT D2 * loyr strongly differs from IsyppLy at gate turn-on due to D2 and Cjy

contributions

ouTt ﬁ .
Calculations:
,f A AVisyppy =VBB-VB
o Lsuppry = Visuppry *dt/di=0.67 V*7.1us /7.9 A=0.602 pH
I Lioso In agreement with principle of energy conservation the Delta V at the
3 extremes of C (= Cgin this case) can be assessed as per below:
- Vour C %rL*2=1%C* V2
I CrLoan™ 0.602 uyH* 7.92 A2 = 334 uF *V?
2.08 mF
(measured)  BigiafERAEpUISE

The need for a careful Cjy value definition explained in this paragraph is more evident in case of the usage of
greater C| oap or higher VB that will involve a greater number of pulses in both phases, strongly impacting the
max value achievable by VS.

Two examples are reported below using the same setup of trial A1, but differing in the following conditions:
. Trial A4: for the usage as C_oap of 3.3 mF nominal capacitance (measured 3.17 mF)
. Trial A5: for the usage of VB =20V

4.5 Trial Setup A4
. VB =13V
. RsHunt =5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoap = 3.3 mF (measured 3.17 mF)

. No C;y mounted, Cg = 20 pF
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Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_31 — 89.3 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

M T_NOM = T_NOMN”N —1s

. CCM_PWM_TON =50 ps

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T =300 ps

. CCM_TIMEOUT = 200 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 33

Figure 33. CCM configuration and result from GUI for test setup A4

Nominal Time CCM ( Capacitive Load Charge BurstMode) Conf.
i, 1s
CCM Status. CHARGED
THresHolds €CM TimeOut [200 ms -]
2.0 -
ovC (mV) 89.3 - CCM PWM Max Duration 2.0 ms
HSC (mV) 160 - GGM PWM TimeON AMPL. x2 =
VOB (mV) 00 t CCM PWM TimeON 50.0 us

CCM VOUT (V) 1 -

CCM PWM Pulse 20 Pulse
uw ) ‘ -] L
CCM PWM Period 300 us
—J
[ ccmon p o M com oFF

Result A4:
With the mentioned setup A4, the C_pap is charged in 12 ms (start phase) + 19.4 ms (standard phase).

In this case, a strong boost effect is visible due to the C| oap of 3.3 mF vs 2.2 mF adopted in trial A1. VS reached

a maximum value of 67.7 V very close to the AMR that is not violated thanks to the contribution coming from the
component Tr_d1 (SM15TG68CAY).

The gap on VS after 15t pulse was 6.08 V.
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Waveforms acquired during CCM with setup A4
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Trial Setup A5

VB=20V

RsHuNT = 5 mQ

Ambient temperature = room temperature ~25°C generating TJ ~35°C
CLoaDp = 2.2 mF (measured 2.08 mF)

No Cjy mounted, Cg = 20 yF

Application boost effects
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Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_31 — 89.3 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

M T_NOM = T_NOMN”N —1s

. CCM_PWM_TON =50 ps

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T =300 ps

. CCM_TIMEOUT = 200 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 36

Figure 36. CCM configuration and result from GUI for test setup A5

Nominal Time CCM ( Capacitive Load Charge BurstMode) Conf.
i, 1s
CCM Status. CHARGED
THresHolds €CM TimeOut [200 ms -]
2.0 -
ovC (mV) 89.3 - CCM PWM Max Duration 2.0 ms
HSC (mV) 160 - GGM PWM TimeON AMPL. x2 =
VOB (mV) 00 t CCM PWM TimeON 50.0 us

CCM VOUT (V) 1 -

CCM PWM Pulse 20 Pulse
uw ) ‘ -] L
CCM PWM Period 300 us
—J
[ ccmon p o M com oFF

Result A5:
With the mentioned setup A5, the C_pap is charged in 6 ms (start phase) + 24.8 ms (standard phase).

In this case, a strong boost effect is visible due to the VB set at 20 V vs 13 V adopted in trial A1. VS reached a
maximum value of 69.1 V very close to the AMR that is not violated thanks to the contribution coming from the
component Tr_d1 SM15T68CAY.

The gap on VS after 15t pulse was 9.15 V.
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Application boost effects

Waveforms acquired during CCM with setup A5

B Fia  § Vercal = Tmsbass

TELEDYNE LECTY

Based on this analysis, we recommend the end user to perform a careful assessment of the setup conditions
including VB, CoaD, LsuppLy, and Cjy to perform CCM activities in safe conditions.

In this document, we continued the CCM tests by always adopting C\y = 314 uF to verify the impact of various
parameters including verifications with VB set at 24 V and 48 V and using greater C| oap of 4.7 mF and 6.9 mF.
As visible in the results reported in the next chapter, the adoption of this C;y always ensures a safe condition for
the VNF1248F. In fact, in all cases a VS max well below the AMR was observed.


http://www.st.com/en/product/VNF1248F?ecmp=tt9470_gl_link_feb2019&rt=an&id=AN6392
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5 CCM application measurements tuning various parameters

This chapter shows several CCM measurements carried out on the EV-VNF1248F easy board, modifying one or
more variables listed in Section 2.1.

The overall effects of each parameter are summarized in Table 5.

Table 5. CCM relevant fields

It affects the duration of the charge because the
greater the VB is, the greater the VOUT value B5vs Cvs D

VB Battery supply voltage of the entire that must to be achieved.

application circuit (range from 6 to 60 V) and E vs Fvs

Fixing all parameters, higher value of VB G
involves longer charging time
Due to the low frequency of the start charging
phase, the higher the CCM_VOUT_THR, the
v OUT pin voltage to be reached during anger the duration of the 15t Phase in case of a
thc:'z;hold the first charging phase at low frequency | high PWM pulse number setting. CvsF
in ton protection (range from 1 to 5 V) Fixing all parameters a greater
CCM_VOUT_THR involves a longer time to
charge
PWM start Period used in the first charging phase Fixing all parameters a greater
eriod at low frequency in ton protection (range CCM_PWM_SC_T duration involves alonger CvsG
P from 2 to 4 ms) time to charge
. Fixing all parameters, the higher the
PWM period Lthr::eir: o :;zg?:;d gfffgi?gazrio 4ms) CCM_PWM_T, the longer the charging time EvsH
ging p 9 ’ because it reduces the GATE turn ON frequency
PWM toy itis an ampliifier of the PWM Time ON | £XI"9 @ pararmetors, the Fidher charding
multiplying duration in the standard charging phase time because it incréases the duty cvcle and Kvs L
factor (range from 1 to 8 x) ame y ¢y

GATE turn ON duration

I defllnes. the CCM PWM t'.me ON ) Fixing all parameters, the higher the
duratlpn n stapdard charging phasg n CM_PWM_TON, the shorter the charging time.
PWM ton time ;:or?blnatlon V]\c"th P1V\1M;8n myltlplylngf Once top protection is selected, the high-side EvsKvsLyvs
ON acor (rgnge rorrl 000 HSIN CaSE O 1 41 er is controlled by protection onl (hard short, M
multiplying factor=1x arriving at 400us in y P Y ’
case of multiplying factor = 8x or ton fuse latch) so that this configuration assures the
maximum ton value limited only by i2t algorithm

protection)
It affects the duration of the charge only in the
Nominal overcurrent threshold for the portion of the staqdard ch_arging phase in which Eve Ovs O
ovc eFuse emulation (VOVC_THRS range | hard short (HSC) is not triggered. R Vs DVs MVs
from 6 to 89.3 mv) Fixing all parameters, the higher this value, the
lower the charging time
It affects the duration of the charge because it
It configures the Delta V reading at has a direct impact on the amplitude in current of
extremes of Rgyynt triggering the hard each pulse triggered by the HSC protection (start
. h di2t or fi tecti tandard EvsPvs Qvs
HSC short protection threshold phase) and i2t or fuse protection (standar R
(VHSC_THRS, range from 20 mV to 160 Phase).
mV) Fixing all parameters, the higher the HSC
threshold, the lower the charging time
It affects the duration of the charge because it
high precision sense resistance has a direct impact on the current sense voltage
RsHUNT connected between sense P and sense | drop at its extremes influencing HSC and OVC Evs W
N currents. Greater Rgyynt involves longer

charging time.
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The Tj of VNF1248 device has a negligible
impact on charging time.

Ambien . .
temp:r;ture Operative temperature of the device The heating of the entire circuit also affects Uvs W
MOSFET, which has very little effect on reducing
the charging time.
It has a little effect in time to charge affects the
Value of nominal time required for the duration of standard charging phase where i2t
TNOM protection is triggered after a longer time, X1 vs X2

fuse emulation. assuring a longer HS_GATE time ON. The

greater thom is, the shorter the charging time

It refers to the max number of attempts
PWM start allowed in start charging phase at low
pulses max frequency to achieve the set CCM
number VOUT (CCM_PWM_SC_T_NB range
from 5 to 50 pulses)

Higher value is suggested in case of a higher

CCM_VOUT_THR value to avoid CHARGE H vs H-bis and
INCOMPLETE due to CCM_VOUT_THR not Y

achieved or short circuit on OUT

Higher values are suggested in case of a higher
VB, RsHunT, CCM_VOUT_THR, the longer the
CCM_PWM_SC_T duration, the greater
capacitance and lower values of CCM PWM duty
cycle in start phase and standard phase, OVC,
HSC

Maximum time allowed to start +
standard charging phases

CCM timeout  (CCM_TIMEOUT range from 200 to 400
ms) independently of the successful
charge of the cload

J vs J-bis

The overall collected results are summarized in Table 6.

Table 6. Summary of all performed trials

Number n
1
C?O‘?:[;( ) of pulses Dur:;:‘.lon
" : m .

Trial | VB TNOM | TJ | Rshunt instart | 1 arging

() | (C)| (MQ) | Measured JEED = phase

. : duration
- nominal N (ms)
inms
35

B4 13 1 2 300 50 2 893 160 1 5 2.08-2.2 137 4-8 14.7 227
B5 13 1 2 50 3 1 893 160 1 3% 5 2.08-2.2 137 13-26 169 195
B6 13 1 2 300 50 2 893 160 1 3 5 3.17-3.3 13.9 5-10 223 323
C 24 1 2 300 50 2 89.3 160 1 3% |5 3.17-3.3 267 |[3-6 53.6 59.6
D 48 1 2 300 50 2 89.3 160 1 3% |5 3.17-3.3 522 2-4 131 135
E1? 13 1 2 300 50 2 89.3 160 |1 35 |5 4.52-4.7 138 7-14 30 44.0
F 24 1 2 300 50 2 89.3 160 1 35 5 452-47 27 4-8 7.7 85.7
G 48 1 2 300 50 2 89.3 160 1 3% |5 452-47 522 2-4 220.6 224.6
H 13 6§ 2 300 50 2 893 160 1 3% |5 452-47 133 48-95 18.4 113
| 13 1 4 300 50 2 893 160 1 3% |5 452-47 137 7-28 31.8 57.8
J 13 1 2 3000 50 2 893 160 1 3% 5 452-47 130 7-14 321.6 335.6
K 13 1 2 300 10 2 893 160 1 3% 5 452-47 137 7-14 111.8 125.8
L 13 1 2 300 30 8 893 160 1 3% 5 452-47 137 6-12 24.3 36.3
M 13 1 2 300 ;(:::t 2 893 160 1 3% 5 452-47 137 6-12 21.6 33.6
N 13 1 2 50 ;:St 2 89.3 160 1 3 5 452-47 161 7-14 3.9 17.9
o} 13 1 2 300 50 2 6 160 1 3% |5 452-47 138 T7-14 39.8 53.8
13 1 2 300 50 2 89.3 80 1 3% |5 452-47 130 14-28 87.2 115.1
Q1 13 1 2 300 50 2 6 20 1 3% |5 452-47 128 | 26-52 348 incomplete
Q2 13 1 2 300 50 2 445 606 1 35 |5 452-47 130 16-32 127 159
R1 48 1 2 300 50 2 445 606 1 3% 5 452-47 517 1-2 398 incomplete
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Number

CrLoap'" ofoulses Dura;tion
. i ' TNOM | TJ (mF) in start of
Trial | VB oC h charging
(s) | (°C) Measured g as:— phase
- nominal uration (ms)
In ms
R2 |48 1 2 300 50 2 69.5 (919 1 35 |5 452-47 519 36 359 365
s 13 1 2 300 50 2 89.3 | 160 1 35 |5 6.69-6.9 141 9-18 455 63.5
Ton
T 13 1 2 300 Prot | 2 89.3 | 160 1 35 |5 6.69-69 141 8-16 334 49.4
13 3 2 300 50 2 89.3 (919 1 35 |5 452-47 132 12-24 70.1 94.1
v 13 3 2 300 50 2 89.3 919 1 100 5 452-47 134 10-20 70 90
w13 1 2 300 50 2 89.3 160 1 35 20 452-47 129 17-34 219.5 2535
X1 13 1 2 500 50 8 104 80 1 35 |5 452-47 130 12-24 144.4 168.4
Y2 13 1 2 500 50 8 104 80 | 511 35 |5 452-47 130 12-24 135.1 159.1
Y 131 2 300 50 |2 89.3 160 | 1 35 |5 Short 131 20-40 | NA incomplete
circuit
Z1 13 4 2 1000 | 50 2 89.3 | 160 1 35 |5 452-47 130 37-74 414 115.4
(Zf 13 4 2 1000 50 2 89.3 160 1 35 5 452-47 130 38-76 | 444 120.4
Stopped
Z3 13 4 2 1000 | 50 2 89.3 | 160 1 35 |5 452-47 130 NA NA after 46.8
ms
74 Stopped
G, 134 2 1000 | 50 2 89.3 | 160 1 35 |5 452-47 130 37-74 | NA after 85.6
ms
5? 13 1 2 300 50 2 89.3 160 1 35 5 452-47 138 7-14 31 45
1. CLoap is connected to OUT through 1 m wire
2. Trial-Setup E1 was verified with device both in Unlocked and Fail-safe states
3. Z2 and Z4 trials were performed with DUT in Fail-safe state while all other trials were verified with DUT in Unlocked state
4. EZ2is the only trial performed in Unlocked state sending CCM ON + HS_GATE ON
Note: The values modified with respect to the reference setup adopted in Trial E1 are shown in bold (reference values
are in italic)
Note: 314 uF (3 x 100 uF — 100 V) is connected as Cjy on VB vs GND connectors of the evaluation board
5.1 Effect of CCM_PWM_TON before hard short protection triggering
51.1 Trial Setup B5

It adopts the same setup as trial B4 modifying the CCM_PWM_TON at 3 ys vs 100 ys and CCM_PWM_T at 50
us vs 300 ps to highlight the possibility of interrupting the pulse before the hard short protection triggering.

. VvB=13V

. RsHunt =5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoAD = 2.2 mF (measured 2.08 mF)

. CiN =314 uF and Cg = 20 pF
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Device in Unlocked state with following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_31 — 89.3 mV
. HSC_THR = VHSC_THRS_15 — 160 mV
M T_NOM = T_NOMN”N —1s

. CCM_PWM_TON =3 ps

. CCM_PWM_TON_MF =1 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T =50 ps

. CCM_TIMEOUT = 200 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 39

Figure 39. CCM configuration and result from GUI for test setup B5

| Nominal Time ’— CCM ( Capacitive Load Charge BurstMode) Conf.
& 1s CCM Status CHARGED
THresHolds CCM TimeOut 200 ms -
CCM PWM Max Duration 20 ms =
OV (mV) 69.3 z :
s 160 = CCM PWM TimeON AMPL. x1 =
VDS (mV) 300 = CCM PWM TimeON 3.0us
NTC(mV)  [11002 - O
GGM VOUT (V) i -] CCM PWM Pulse 20 Pulse
uv (V) F - O —
CCM PWM Period 50 us
Fus
CCM ON
> comon P on I com oFF ‘

Result B5:

With setup B5, the C| pap is charged in 26 ms (start phase) + 169 ms (standard phase).

The CIN strongly limits the boost effect so that VS max = 13.7 V.

The reduction of CCM_PWM_TON at 3 ys has a strong impact on the tcyarge because it interrupts each gate HS

pulse (both in start and standard phase) before the triggering of |2t protection so that the DIAG signal remains
high along the charge of the C_oap.
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Waveforms acquired during CCM with setup B5
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Zoomed view of waveforms acquired at 15t pulse during CCM with setup B5 (TON is 3 ps and
TOFF is ~1997 us)
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Zoomed view of waveforms acquired on first 2 pulses during CCM with setup B5 showing a
period of 2 ms
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Zoomed view of waveforms acquired at last 3 pulses during CCM with setup B5 (PWM period is
50 ps with TON = 3 pus and TOFF = 47 ps)

B File | & Vemcal e+ Timabase [ Tigpar E3 Display @ Gursors B Massure @ Mam 1= Analysis X Uliimas @ Suppon

Effect of CLOAD (3.3 mF vs 4.7 mF) and VB (13 Vvs 24 V vs 48 V) on CCM

Trial Setup B6
It adopts the same setup as trial B4 with C_oap increased at 3.3 mF.

VB=13V

RsHuNnT = 5 mQ

Ambient temperature = room temperature ~25°C generating TJ ~35°C
CLoap = 3.3 mF (measured 3.17 mF)

Cin =314 pF and Cs = 20 pF

Device in Unlocked state with the following settings:

CCM_VOUT_THR =1V

OVC_THR =VOC_THRS_31 — 89.3 mV
HSC_THR = VHSC_THRS_15 — 160 mV
T NOM =T _NOMmyiN — 1s
CCM_PWM_TON = 50 ps
CCM_PWM_TON_MF =2 x
CCM_PWM_SC_T_NB = 20 pulses
CCM_PWM_T =300 ps

CCM_TIMEOUT =200 ms
CCM_PWM_SC_T=2ms

GUI settings at the end of CCM operations as shown in Figure 45
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CCM configuration and result from GUI for test setup B6

Nominal Time CCM (| Capacitive Load Charge BurstMode) Gonf.
1s
CCM Status CHARGED
THresHolds CCM TimeOut [200 ms -|
89.3 - CCM PWM Max Duration 2.0 ms -
OVC (mV)
HSC (mV) [180 - CCM PWM TimeON AMPL. x2 -
300 -
VB () CCM PWM TimeON 50.0 us
NTC (mV) 11092 -
1 -
S T ) CCM PWM Pulse 20 Pulse
uv (V) 4 X
CCM PWM Period 300 us
- CCM ON ==
CCM ON +GATE ON B com oFr

Result B6:

With setup B6, the C| pap is charged in 10 ms (start phase) + 22.3 ms (standard phase).

The Cjy strongly limits the boost effect so that VS max = 13.9 V, and it helps the start phase, which requires only
five pulses vs the six observed without Cy in trial A4. The Cy allows higher current peaks to be achieved in the

start phase; in fact, on the 15t pulse we reach 45.5 A on setup B6 vs 36.8 A on setup A4, helping to reach the set
CCM_VOUT_THR with five instead of six pulses.

The overall tcyarge Of trial B6 is slightly longer than A4 due to the impact of Cyy in the portion of standard phase
limited by 12t fuse protection. The duration of standard phase is 22.3 ms with setup B6 vs 19.4 ms with setup A4,

because a greater achieved current leads to faster 12t protection triggering. As a consequence, HS_GATE stays
on for shorter timing, increasing the duration of the standard charging phase.

Waveforms acquired during CCM with setup B6

B Fia 1§ Vedcal e Tmcbase [ Trgpar & Disply
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Zoomed view of waveforms acquired at 15t pulse during CCM with setup B6
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Trial Setup C
It adopts the same setup as trial B6 with VB increased at 24 V vs 13 V.

Device in Unlocked state with the following settings:

VB=24V
RsHunt =5 mQ

Ambient temperature = room temperature ~25°C generating TJ ~35°C

CrLoaDp = 3.3 mF (measured 3.17 mF)
CiN =314 yF and Cg = 20 pyF

CCM_VOUT THR=1V
OVC_THR = VOC_THRS_31 — 89.3 mV
HSC_THR = VHSC_THRS_15 — 160 mV
T NOM =T NOMyn — 18
CCM_PWM_TON = 50 ps
CCM_PWM_TON_MF = 2 x
CCM_PWM_SC_T_NB = 20 pulses
CCM_PWM_T = 300 us

CCM_TIMEOUT = 200 ms
CCM_PWM_SC_T=2ms

GUI settings at the end of CCM operations as shown in Figure 48
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CCM configuration and result from GUI for test setup C

Nominal Time CCM ( Capacitive Load Charge BurstMode) Conf.
1s
CCM Status CHARGED
THresHolds CCM TimeOut |200 ms -
89.3 - CCM PWM Max Duration 2.0 ms -
OVG (mV)
HSC (mV) [160 = CCM PWM TimeON AMPL. x2 =
300 -
VR () GCM PWM TimeON 50.0 us
NTG (mV) 11092 ~
CCM vouT 1 i
m CCM PWM Puise 20 Pulse
uv (V) 4 -

CCM PWM Period 300 us

- CCM ON —
CCM ON FEATE ON B ccm oFr

Result C:
With setup C, the C| pap is charged in 6 ms (start phase) + 53.6 ms (standard phase).
A higher VB involves a higher VOUT to be achieved by increasing the tcHarcE Vs the adoption of a lower VB.

Waveforms acquired during CCM with setup C

B Fis I Vedcal s Tmcbase | Trgger &3 Dispiay

Trial Setup D
It adopts the same setup as trials B6 with VB increased at 48 V vs 13 V.
. VB =48V

. RsHunT =5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoaDp = 3.3 mF (measured 3.17 mF)

M C|N=314 |JF and CS=20 UF
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Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_31 — 89.3 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

M T_NOM = T_NOMN"N —1s

. CCM_PWM_TON = 50 ps

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T =300 ps

. CCM_TIMEOUT = 200 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 50

Figure 50. CCM configuration and result from GUI for test setup D

Nominal Time CCM ( Capacitive Load Charge BurstMode) Conf.
i, 1s
CCM Status CHARGED
THresHolds CCM TimeOut 200 ms =]
- 2.0 -
OVE (mV) 89.3 CGM PWM Max Duration 2.0 ms
HSC (mV) 160 - CGM PWM TimeON AMPL. x2 =
o) R z CCM PWM TimeON 50.0 us
9 .
FER W I -] CCM PWM Pulse 20 Pulse
ww :]' R A R e
CCM PWM Period 300 us
| U S
CCM ON
[ comon P o I com oFr

Result D:
With setup D, the C| pap is charged in 4 ms (start phase) + 131 ms (standard phase).

Thanks to Cjy, the max value achieved by VS is 52.2 V and the gap of VS after 15t pulse is 1.79 V.
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Waveforms acquired during CCM with setup D
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Trial Setup E1
It adopts the same setup as trial B6 with C| oap increased at 4.7 mF vs 3.3 mF.
. VB=13V

. RsHuNT =5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoap = 4.7 mF (measured 4.52 mF)

. Cin = 314 yF and Cg = 20 pF



m ANG6392

CCM application measurements tuning various parameters

Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_31 — 89.3 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

M T_NOM = T_NOMN”N —1s

. CCM_PWM_TON = 50 ps

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T =300 ps

. CCM_TIMEOUT = 200 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 53

Figure 53. CCM configuration and result from GUI for test setup E1

Nominal Time CCM ( Capacitive Load Charge BurstMode) Conf.
i, 1s
CCM Status CHARGED
THresHolds CCM TimeOut [200 ms -]
T 2.0 -
OVE (mV) 89.3 CCM PWM Max Duration 2.0ms
HSC (mV) 160 = CCM PWM TimeON AMPL. x2 -
o) i z CCM PWM TimeON 50.0 us
HTC (mV} 110902 -] e AR R S R R S
4 -
otk -] CCM PWM Puise 20 Pulse
ww - R A R e
CCM PWM Period 300 us
—
CCM ON
> ccmoon P .ciron B ccm oFF

Result E1:
With the mentioned setup E1, the C_pap is charged in 4 ms (start phase) + 30 ms (standard phase).
This setup is verified both in Unlocked and Fail-safe modes with negligible difference in terms of tcyaRGE-

The setting of various parameters is written in NVM to maintain in Fail-safe state with the same setup adopted on
the device in Unlocked state.

The CCM mode is activated in Fail-safe state by four pulses on DIN. Due to DIN remaining high at the end of the
CLoap charge, the HS_GATE remains ON differently on the trials done in Unlocked state in which the gate was
turned OFF at the end of the CCM.
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Waveforms acquired during CCM with setup E1 with device in Unlocked mode
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Zoomed waveforms acquired at CCM start with setup E1 with device in Fail-safe mode
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Trial Setup F
It adopts the same setup as trial E1 with VB increased at 24 V vs 13 V.
. VB=24V

: RsHUNT =5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoap = 4.7 mF (measured 4.52 mF)

. CiN =314 yF and Cg = 20 pyF

Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_31 — 89.3 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

M T_NOM = T_NOMN”N —1s

. CCM_PWM_TON = 50 us

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T =300 ps

. CCM_TIMEOUT =200 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 57
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CCM configuration and result from GUI for test setup F

Nominal Time CCM (| Capacitive Load Charge BurstMode) Gonf.
1s
CCM Status CHARGED
THresHolds CCM TimeOut [200 ms -|
89.3 - CCM PWM Max Duration 2.0 ms -
OVC (mV)
HSC (mV) [160 = CCM PWM TimeON AMPL. x2 -
300 -
N (¥} CCM PWM TimeON 50.0 us
NTC (mV) 11092 -
1 -
A O CCM PWM Pulse 20 Pulse
uv (V) 4 -
CCM PWM Period 300 us
= CCM ON =
CCM ON +GATE ON B com oFr

Result F:
With the mentioned setup F, the C| pap is charged in 8 ms (start phase) + 77.7 ms (standard phase).
Working with 4.7 mF as C pap and VB at 24 V, the maximum value achieved by VS was 27 V.

Waveforms acquired during CCM with setup F

B Fia I Vetcal = Tesbae [ Tnggs

TELEDYNE L

Trial Setup G
It adopts the same setup as trial E1 with VB increased at 48 V vs 13 V.
. VB =48V

. RsHuNT =5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoap = 4.7 mF (measured 4.52 mF)

. Cin = 314 pF and Cg = 20 pF
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Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_31 — 89.3 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

M T_NOM = T_NOMN"N —1s

. CCM_PWM_TON = 50 ps

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T =300 ps

. CCM_TIMEOUT = 200 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 59

Figure 59. CCM configuration and result from GUI for test setup G

Nominal Time CCM ( Capacitive Load Charge BurstMode) Conf.
i 1s
GCM Status INCOMPLETE
THresHolds CCM TimeOut 200 ms -
- CCM PWM Max Duration 2.0 ms -
OVC (mV) .3 ax
HSC (mv) 160 = CCM PWM TimeON AMPL. x2 -
VDS (mV) 300 = CCM PWM TimeON 50.0 us
NTC (mV) 11092 -] e — )
CCM VOUT (V) 1 E CCM PWM Pulse 20 Pulse
ww & - ! /
CCM PWM Period 300 us
R .J;
CCM ON
[ comon +GATE ON B comorF

Result G:

With the mentioned setup G, the 4.7 mF C_oap charge results incomplete in 2 ms (start phase) + 198 ms

(standard phase) as shown in Figure 60 so that the trial was repeated increasing CCM timeout from 200 ms to
300 ms.
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Waveforms acquired during CCM with setup G

a3
A4 (i)
TELED'YNE L

CCM configuration and result from GUI for test setup G-bis with CCM timeout at 300 ms

Nominal Time CCM (| Capacitive Load Charge BurstMode) Conf.
1s CCM Status CHARGED
THresHolds CCM TimeOut [300 ms -]
[ = CCM PWM Max Duration 2.0 ms -

ovc(my) 993 :

HSC (mV) 160 = CCM PWM TimeON AMPL. x2 i

VDS (mV) 300 e CCM PWM TimeON 50.0 us
NTC (mV) 11092 -

CCM VOUT (V) 1 = CCM PWM Pulse 20 Pulse
uv (V) 4 -
CCM PWM Period 300 us
CCM ON
CCM ON b B ccm oFF

Result G-bis:

With the mentioned setup G-bis, the 4.7 mF C_oap charge is completed in 2 ms (start phase) + 222.6 ms
(standard phase).

An impact of VB at 48 V vs 13 V is visible on IOUT max and VS max:
. IOUT max reached 87.6 A on trial G-bis vs 42.6 A on trial E1
. VS max reached 52.2 V on trial G-bis vs 13.8 V on trial E1
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Waveforms acquired during CCM with setup G-bis

B Fis T Vercal = Tmsbase

TELEDYNE LLI

Effect of CCM_VOUT_THR

Trial Setup H
It adopts the same setup as trial E1 with the CCM_VOUT_THR increased at 5 V (max) vs 1 V (min).

.

.

VB =13V

RsHuNT =5 mQ

Ambient temperature = room temperature ~25°C generating TJ ~35°C
CLoaD = 4.7 mF (measured 4.52 mF)

CiN =314 yF and Cg = 20 puF

Device in Unlocked state with the following settings:

CCM_VOUT_THR =5V

OVC_THR =VOC_THRS_31 — 89.3 mV
HSC_THR = VHSC_THRS_15 — 160 mV
T_NOM=T_NOMyn— 15
CCM_PWM_TON = 50 ps
CCM_PWM_TON_MF =2 x
CCM_PWM_SC_T_NB = 20 pulses
CCM_PWM_T = 300 ps

CCM_TIMEOUT =200 ms
CCM_PWM_SC_T=2ms

GUI settings at the end of CCM operations as shown in Figure 63
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CCM configuration and result from GUI for test setup H

Nominal Time CCM ( Capacitive Load Charge BurstMode) Conf.
1s CCM Status NCOMPLETE
THresHolds CCM TimeOut 200 ms -
89.3 | CCM PWM Max Duration 2.0 ms -
OVC (mV) .
CCM PWM TimeON AMPL. %2 o
HSC (mV) 160 s
VDS (mV) 300 = CCM PWM TimeON 50.0 us
NTC (mV) 110.92 hd
CCM VOUT (V) 5 ud CCM PWM Pulse 20 Pulse
uv (v) 4 bl
CCM PWM Period 300 us
CCM DN
CCM ON L GATE DN B com oFF

Result H:

With the mentioned setup G, the 4.7 mF C_oap charge results incomplete in 40 ms - 20 pulses (start phase) with

VOUT reaching 2.5 V because the number of pulses is not enough to successfully complete the start phase as
shown in Figure 64.

The trial was repeated by increasing the CCM PWM pulses from 20 to 50.

Waveforms acquired during CCM with setup H

BiFia [ Verdcal e Testase | Troper 2
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CCM configuration and result from GUI for test setup H-bis with CCM PWM pulses set at 50

Noeminal Time CCM ( Capacitive Load Charge BurstMode) Conf.
1s CCM Status CHARGED
THresHolds CCM TimeOut 200 ms -
89.3 | CCM PWM Max Duration 2.0 ms -
OVC (mV) .
CCM PWM TimeON AMPL. x 2 -
HSC (mV) 160 -
VDS (mV) 300 = CCM PWM TimeON 50.0 us
NTC (mV) 11092 -
CCM VOUT (V) 5 x CCM PWM Pulse 50 Pulse
uv (V) 4 -
CCM PWM Period 300 us
CCM ON
CCM ON e ATE nad B com oFF

Result H-bis:

With the mentioned setup H-bis, the 4.7 mF C_oap charge results incomplete in 94.6 ms (start phase) + 20.4 ms
(standard phase).

The CCM_VOUT_THR set at maximum value involves a longer charging time, strongly affecting the duration of
the start phase.

Waveforms acquired during CCM with setup H-bis

B Fin 1§ Veical e Tmcbase | Trgpar & Displny

|
i
:
4
|

TELEDYNE L

Effect of CCM_PWM_SC_T

Trial Setup |
It adopts the same setup as trial E1 with the CCM_PWM_SC_T increased at 4 ms vs 2 ms.
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. VB =13V
. RsHunt =5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C

. CLoap = 4.7 mF (measured 4.52 mF)
. Cin =314 pF and Cg = 20 pF

Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_31 — 89.3 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

. T_NOM =T_NOMpyn — 1s

. CCM_PWM_TON = 50 ps

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T = 300 ps

. CCM_TIMEOUT = 200 ms

. CCM_PWM_SC_T=4ms

. GUI settings at the end of CCM operations as shown in Figure 67

Figure 67. CCM configuration and result from GUI for test setup |

Nominal Time CCM ( Capacitive Load Charge BurstMode) Conf.
£ 1s
CCM Status CHARGED
THresHolds CCM TimeOut 200 ms -
GCM PWM Max Duration 4.0 ms. .
OVC (mV) 59.3 z
HSC (mV) 160 = CCM PWM TimeON AMPL. x2 -
VDS (mV) 300 = CCM PWM TimeON 50.0 us
NTC (mV) 11092 - T
GCM VOUT (V) 1 x CCM PWM Pulse 20 Pulse
uv (V) |: - .
CCM PWM Period 300 us
...rl.
| CCMON
> o on | +GATE ON Il comorr

Result I:
With the mentioned setup |, the C| pap is charged in 26 ms (start phase) + 31.8 ms (standard phase).
Alonger CCM_PWM_SC_T leads to a longer charging time, affecting the duration of the start phase.
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Waveforms acquired during CCM with setup |

B Fim T Verfcal = Tmsbas

TELEDYNE LLI

Effect of CCM_PWM_T

Trial Setup J
It adopts the same setup as trial E1 with the CCM_PWM _T increased at 3000 ys vs 300 ps.

.

VB =13V

RsHuNT =5 mQ

Ambient temperature = room temperature ~25°C generating TJ ~35°C
CLoaD = 4.7 mF (measured 4.52 mF)

CiN =314 yF and Cg = 20 puF

Device in Unlocked state with the following settings:

CCM_VOUT_THR =5V

OVC_THR =VOC_THRS_31 — 89.3 mV
HSC_THR = VHSC_THRS_15 — 160 mV
T_NOM=T_NOMyn— 15
CCM_PWM_TON = 50 ps
CCM_PWM_TON_MF =2 x
CCM_PWM_SC_T_NB = 20 pulses
CCM_PWM_T = 3000 ps
CCM_TIMEOUT =200 ms
CCM_PWM_SC_T=2ms

GUI settings at the end of CCM operations as shown in Figure 69



Nominal Time

THresHolds

VG (mV)
HSC (mV)
VDS (mV)
NTC (mV)
CCM VOUT (V)

uv (V)

Result J:

CCM application measurements tuning various parameters

CCM configuration and result from GUI for test setup J

CCM ( Capacitive Load Charge BurstMode) Cont. Dingnosis

CCM Status

CCM TimeOut

GGM PWM Max Duration

CCM PWM TimeON AMPL.

CCM PWM TimeON

CCM PWM Pulse

GGM PWM Period

CCM ON

NCOMPLETE

©CM ON
+GATE ON

200 ms -

50.0 us

Gl Status Byle
asan spe | umoow |(BiGS

20 Pulse y
Hex Value: 0x08

B com oFF

With the mentioned setup J, the 4.7 mF C| oap charge results incomplete in 14 ms (start phase) + 186 ms
(standard phase) with VOUT reaching 6.6 V because a longer PWM period with a very small duty cycle are not

enough to successfully complete the start phase as shown in Figure 70. The diagnosis reported DIAGS flag due
to eFuse + hard short protections being triggered.

The trial was repeated by increasing the CCM timeout from 200 ms to 400 ms.

I Verical = Tmebase

Waveforms acquired during CCM with setup J

s X Utilies @ 5
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CCM configuration and result from GUI for test setup J-bis with CCM timeout set at 400 ms

Nominal Time CCM (| Capacitive Load Charge BurstMode) Conf.
is CCM Status CHARGED
THresHolds CCM TimeOut 400 ms -
89.3 o CCM PWM Max Duration 2.0 ms -
OVC (mV) .
[180 CCM PWM TimeON AMPL. x2 w
HSC (mV) -
VDS (mV) 300 = CCM PWM TimeON 50.0 us
NTC (mV) 11092 =
CCM VOUT (V) 1 x CCM PWM Pulse 20 Pulse
uv (V) 4 -
CCM PWM Period 3000 us
. CCM ON
CCM ON +EATE ON B com oFF

Result J-bis:

With the mentioned setup J-bis, the 4.7 mF C_oap charge results incomplete in 14 ms (start phase) + 321.6 ms
(standard phase).

Waveforms acquired during CCM with setup J-bis

00 Adiv
33

TELEDYNE

Effect of CCM_PWM_TON

Trial Setup K
It adopts the same setup as trial E1 with the CCM_PWM_TON decreased at 10 p vs 50 us.
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. VB =13V
. RsHunt =5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C

. CLoap = 4.7 mF (measured 4.52 mF)
. Cin =314 pF and Cg = 20 pF

Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_31 — 89.3 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

. T_NOM =T_NOMpyn — 1s

. CCM_PWM_TON =10 ps

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T = 300 ps

. CCM_TIMEOUT = 200 ms

. CCM_PWM_SC T=2ms

. GUI settings at the end of CCM operations as shown in Figure 73

Figure 73. CCM configuration and result from GUI for test setup K

| Nominal Time ’— CCM ( Capacitive Load Charge BurstMode) Conf.
il 1s CCM Status CHARGED
THresHolds CCM TimeOut 200 ms -
CCM PWM Max Duration 2.0 ms -
OVC (mV) -3 =
S e = CCM PWM TimeON AMPL. x2 i
VDS (mV) 300 - CCM PWM TimeON 10.0 us
NTC (mV) 11002 -] T . N ——
GGM VOUT (V) 1 - CCM PWM Pulse 20 Pulse
wm F - I<...............J ................
CCM PWM Period 300 us
—
CCM ON
> CCM ON [ P cateon B com oFF

Result K:
With the mentioned setup K, the C_ oap is charged in 14 ms (start phase) + 111.8 ms (standard phase).
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Waveforms acquired during CCM with setup K

TELEDYNE LLI

Effect of PWM Ton Multiplying Factor

Trial Setup L

It adopts the same setup as trial E1 with the CCM_PWM_TON at 30 uys vs 50 ys and CCM_PWM_TON_MF
multiplying factor at 8 x vs 2 x (duty cycle moved from 33.3% to 80%).

.

.

VB =13V

RsHuNT =5 MmQ

Ambient temperature = room temperature ~25°C generating TJ ~35°C
CLoaD = 4.7 mF (measured 4.52 mF)

CiN =314 yF and Cg = 20 puF

Device in Unlocked state with the following settings:

CCM_VOUT_THR =1V

OVC_THR =VOC_THRS_31 — 89.3 mV
HSC_THR = VHSC_THRS_15 — 160 mV
T_NOM=T_NOMyn— 1s
CCM_PWM_TON = 30 ps
CCM_PWM_TON_MF = 8 x
CCM_PWM_SC_T_NB = 20 pulses
CCM_PWM_T = 300 ps

CCM_TIMEOUT =200 ms
CCM_PWM_SC_T=2ms

GUI settings at the end of CCM operations as shown in Figure 75



Nominal Time

THresHolds

OVC (mV)
HSC (mV)
VDS (mV)
NTC (mV)

CCM VOUT (V)

uv )

Result L:

89.3

[160

300

110.92

CCM application measurements tuning various parameters

CCM configuration and result from GUI for test setup L

CCM | Capacitive Load Charge BurstMode) Conf.

CCM Status CHARGED
CCM TimeOut 200 ms -
CCM PWM Max Duration 2.0 ms -
CCM PWM TimeON AMPL. x B8 s
CCM PWM TimeON 30.0 us
CCM PWM Pulse 20 Pulse
CCM PWM Period 300 us
CCM ON
CCM ON +GATE ON Bl com oFF

With the mentioned setup L, the C_pap is charged in 12 ms (start phase) + 24.3 ms (standard phase).

An increase of CCM PWM Time ON decreases the duration of the CCM standard phase due to a greater PWM
duty cycle at 80% (TON = 240 ps and TOFF = 300 us)

B Fin 1§ Vedcal e Tmcbase [ Trgpar & Display

TELEDYNE LLI

Effect of TON protection mode

Trial Setup M

Waveforms acquired during CCM with setup L

It adopts the same setup as trial E with the CCM_PWM_TON set in TON protection vs 50 us.
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. VB =13V
. RsHunt =5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C

. CLoap = 4.7 mF (measured 4.52 mF)
. Cin =314 pF and Cg = 20 pF

Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_31 — 89.3 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

. T_NOM =T_NOMpyn — 1s

. CCM_PWM_TON = TON protection

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T = 300 ps

. CCM_TIMEOUT = 200 ms

. CCM_PWM_SC T=2ms

. GUI settings at the end of CCM operations as shown in Figure 77

Figure 77. CCM configuration and result from GUI for test setup M

Nominal Time CCM ( Capacitive Load Charge BurstMode) Conf.
k
Il 1s CCM Status CHARGED
THresHolds CCM TimeOut 200 ms :J
GGM PWM Max Duration 2.0ms -
OVC (mV) 59.3 z :
CGM PWM TimeON AMPL. x2 =
HSC (mV) 180 x
VDS (mV) 300 ¥ CCM PWM TimeON TON Protection
NTC (mV) 11002 - i e S B T G e i
GGM VOUT (V) 1 > CCM PWM Pulse 20 Pulse
[
w4 = T —
CCM PWM Period 300 us
..... I BB L M E BB BB EA 4 a B E B LB R BB b d s
> com on e B ccmoore ‘

Result M:
With the mentioned setup M, the C pap is charged in 12 ms (start phase) + 21.6 ms (standard phase).
The selection of TON protection as CCM PWM Time ON brings the duration of the CCM standard phase to the

minimum value because the HS_GATE stays ON until 12t protection is triggered within the selected CCM PWM
period.
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Waveforms acquired during CCM with setup M

TELEDYNE LLI

Trial Setup N

It adopts the same setup as trial M with the CCM_PWM_TON in TON protection but CCM_PWM_T (PWM Period)
set at 50 us vs 300 ps.

. VB=13V

. RsHunT =5 mQ

. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoap = 4.7 mF (measured 4.52 mF)

. CiN =314 yF and Cg = 20 puF

Device in Unlocked state with the following settings:
. CCM_VOUT_THR=1V

. OVC_THR =VOC_THRS 31 — 89.3 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

. T NOM=T_ NOMyn — 1s

. CCM_PWM_TON = TON protection

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T =50 ps

. CCM_TIMEOUT =200 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 79
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CCM configuration and result from GUI for test setup N

MNominal Time CCM ( Capacitive Load Charge BurstMode) Conf.
1s CCM Status
THresHolds CCM TimeOut 200 ms |
a9.3 CCM PWM Max Duration 2.0 ms -
OVC (mV) = y
I CCM PWM TimeON AMPL. |x 2 -
HSC (mV) 160 -
VDS (mV) 300 s CCM PWM TimeON TON Protection
NTC {mV) 110.92 -
CCM VOUT (V) 1 ¥ CCM PWM Pulse 20 Pulse
uv (v) 4 = [ W ey
CCM PWM Period 50 us
- CCM ON s
CCM ON +GATE ON B com oFF

Result N:

With the mentioned setup N, the 4.7 mF C_oap is charged in 14 ms (start phase) + 3.9 ms (standard phase).
This setup allows us to achieve the fastest charge of the selected C poap at 13 V.

Waveforms acquired during CCM with setup N

B Fia 1 Vedcal e Tmebase | Trgper & Dispey  # Cursors

Effect of OVC_THR and HSC_THR

Trial Setup O
It adopts the same setup as trial E1 with OVC_THR set at 6 mV (min) vs 89.3 mV (max).



‘_ ANG6392
'l CCM application measurements tuning various parameters

. VB =13V
. RsHunt =5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C

. CLoap = 4.7 mF (measured 4.52 mF)
. Cin =314 pF and Cg = 20 pF

Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_0 — 6 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

. T_NOM =T_NOMpyn — 1s

. CCM_PWM_TON = 50 ps

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T = 300 ps

. CCM_TIMEOUT = 200 ms

. CCM_PWM_SC T=2ms

. GUI settings at the end of CCM operations as shown in Figure 81

Figure 81. CCM configuration and result from GUI for test setup O

CCM | Capacitive Load Charge BurstMode) Conf.

Nominal Time
| | 1s CCM Status CHARGED
CCM TimeOut =
THresHolds . =
CCM PWM Max Duration 2.0 ms -
OVE (mV) s -l —
CGM PWM TimeON AMPL. x2 =
HSC(mv) 160 |
VDS (mV) 300 - CCM PWM TimeON 50.0 us
NTC (mV) 11092  ~| P
€CM VOUT (V) 1 -] CCM PWM Puise 20 Pulse
,‘—_I I
wm - ...‘............J................
CCM PWM Period 300 us
N
CCM
> ccMoon P cateon B com oFF

Result O:
With the mentioned setup O, the 4.7 mF Cpap is charged in 14 ms (start phase) + 39.8 ms (standard phase).

This setup involves a slower speed in the standard charging phase due to the min OVC threshold strongly
affecting the standard phase duration.
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Waveforms acquired during CCM with setup O

B Fin 1 Vedcdl = Tmebome | Trapar 6 Dispimy

TELEDYNE LLI

Trial Setup P

It adopts the same setup as trial E1 with HSC_THR set at 80 mV vs 160 mV (max).
. VB=13V

. RsHunT =5 mQ

. Ambient temperature = room temperature ~25°C generating TJ ~35°C

. CLoaDp = 4.7 mF (measured 4.52 mF)

. CiN =314 yF and Cg = 20 puF

Device in Unlocked state with the following settings:
. CCM_VOUT_THR=1V

. OVC_THR =VOC_THRS 31 — 89.3 mV

. HSC_THR = VHSC_THRS_10 — 80 mV

. T NOM=T _NOMyn— 1s

. CCM_PWM_TON =50 ys

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T = 300 ps

. CCM_TIMEOUT =200 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 83
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CCM configuration and result from GUI for test setup P

Nominal Time CCM | Capacitive Load Charge BurstMode) Conf.
1s CCM Status CHARGED
THresHolds CCM TimeOut 200 ms -
CCM PWM Max Duration 2.0 ms o
ove (mV) 0.8 | .
CCM PWM TimeON AMPL. x2 v
HSC (mV) |so -
VDS (mV) 300 hd CCM PWM TimeON 50.0 us
NTC (mV) [11092 ~
CCM VOUT (V) 1 d CCM PWM Pulse 20 Pulse
uv (v) la ¥
CCM PWM Period 300 us
CCM ON
» CCM ON +EATE ON B com oFF

Result P:
With the mentioned setup P, the 4.7 mF C_oap is charged in 28 ms (start phase) + 87.1 ms (standard phase).

This setup involves a slower speed to charge due to a lower HSC threshold affecting the current peaks of both
start and standard charging phases.

Waveforms acquired during CCM with setup P

@Fi § Votcal e Tmcbme | Tngger 6 Displny

TELEDYNE LLI

Trial Setup Q1

It adopts the same setup as trial E1 with OVC_THR set at 6 mV (min) vs 89.3 mV (max) and HSC_THR set at 20
mV (min) vs 160 mV (max).

. VB=13V
. RsHunT = 5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C

. CLoaD = 4.7 mF (measured 4.52 mF)
. CiN =314 yF and Cg = 20 pyF
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Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_0 — 6 mV

. HSC_THR = VHSC_THRS_0 — 20 mV

. T_NOM=T_NOMyn — 1s

. CCM_PWM_TON = 50 ps

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 50 pulses

. CCM_PWM_T =300 us

. CCM_TIMEOUT =400 ms

. CCM_PWM_SC T=2ms

. GUI settings at the end of CCM operations as shown in Figure 85

Figure 85. CCM configuration and result from GUI for test setup Q1

CCM ( Capacitive Load Gharge BurstMode) Contf.

Nominal Time
I 1s CCM Status INCOMPLETE
THresHolds CCM TimeOut 400 ms -
- CCM PWM Max Duration 2.0 ms -
ovE (mV) O ]
CCM PWM TimeON AMPL. x2 -
HSC (mV) 20 x
VDS (mV) 300 = CCM PWM TimeON 50.0 us
NTC (mV) 11092 | |
CCM VOUT (V) 1 | CCM PWM Pulse 50 Pulse
uvy |4 - R
CCM PWM Period S
4
I ccmon e B com oFF

Result Q1:

Even if the CCM pulses are increased to 50 and CCM timeout is set at 400 ms, with the mentioned setup Q1, the
4.7 mF Cpap is not charged in 50 ms (start phase) + 350 ms (standard phase). VOUT reaches 10.4 V after 400
ms.

This setup cannot charge the C_oap because the usage of minimum value for OVC and HSC thresholds involves
peak with minimum current during both charging phases. IOUT max results only 15.2 A vs 42.6 A of trial E1 in
which both OVC and HSC were set at maximum levels.

To successfully complete the charge of the mentioned C| pap, fixing other parameters, the minimum OVC and
HSC levels are the ones used in trial Q2.
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Waveforms acquired during CCM with setup Q1
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Trial Setup Q2

It adopts the same setup as trial E1 with OVC_THR set at 44.5 mV vs 89.3 mV (max) and HSC_THR set at 60.6
mV vs 160 mV (max).

. VB=13V

. RsHunT =5 mQ

. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoap = 4.7 mF (measured 4.52 mF)

. CiN =314 yF and Cg = 20 puF

Device in Unlocked state with the following settings:
. CCM_VOUT_THR=1V

. OVC_THR =VOC_THRS_24 — 44.5 mV

. HSC_THR = VHSC_THRS_8 — 60.6 mV

. T NOM=T_ NOMyn — 1s

. CCM_PWM_TON =50 pys

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 50 pulses

. CCM_PWM_T = 300 ps

. CCM_TIMEOUT =400 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 87
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CCM configuration and result from GUI for test setup Q2

Nominal Time GCM ( Capacitive Load Charge BurstMode) Conf.
- s CCM Status CHARGED
THresHolds CCM TimeOut 400 ms M
r k
44.5 - CCM PWM Max Duration |2.0ms - |
OVC (mV) .
CCM PWM TimeON AMPL. jx2 -|
HSC (mV) 60.6 e i I
VDS (mV) i x CCM PWM TimeON 50.0 us
NTC (mV) 11092 -
it h " GCCM PWM Pulse 50 Pulse
uv (v) 4 -

CCM PWM Period 300 us

- CCM ON -
» CCM ON oATEON B com orf

Result Q2:

With the mentioned setup Q2, the 4.7 mF Cpap is charged in 32 (start phase) + 127 ms (standard phase).
E1 vs Q1 vs Q2 trials show the strong contribution of OVC and HSC setting in tcHARGE-

Waveforms acquired during CCM with setup Q2

BFim § Vetcal =T
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Trial Setup R1

It adopts the same setup as trial Q2 but VB is set at 48 V.
. VB =48V

: RsHUNT =5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoaD = 4.7 mF (measured 4.52 mF)

. CiN =314 yF and Cg = 20 pyF
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Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR = VOC_THRS_24 — 44.5 mV

. HSC_THR = VHSC_THRS_8 — 60.6 mV

M T_NOM = T_NOMN”N —1s

. CCM_PWM_TON =50 ps

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 50 pulses

. CCM_PWM_T =300 ps

. CCM_TIMEOUT =400 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 89

Figure 89. CCM configuration and result from GUI for test setup R1

Nominal Time CCM ( Capacitive Load Charge BurstMode) Conf.

4 | 1s CCM Status INCOMPLETE
THresHolds CCM TimeOut 400 ms -
445 CCM PWM Max Duration 2.0 ms -
oveC (mV) I b X
— m CCM PWM TimeON AMPL. x2 s
VDS (mV) 300 b CCM PWM TimeON 50.0 us
NTC (mV) 11092 - T ——
CCM VOUT (V) 1 T CGM PWM Pulse 50 Pulse
vy 4 . I ]
CCM PWM Period 300 us
T
I» comon ){':G'i"'Em B comorF

Result R1:

With the mentioned setup R1, the 4.7 mF C_oap is not charged in 2 ms (start phase) + 398 ms (standard phase).
VOUT reaches only 39 V after 400 ms due to the VB set at 48 V vs the 13 V used in trial Q2.

Please note that the usage of VB = 48 V involves IOUT max at 61.7 A and VS max at 51.7 V.
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Figure 90. Waveforms acquired during CCM with setup R1

|
i
|
L

TELEDYNE LE

5.9.6 Trial Setup R2
It adopts the same setup as trial R1, but the OVC and HSC thresholds are set at higher levels, allowing the C; oap
charge to be successfully completed.
. VB =48V
. RsHunT =5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoaD = 4.7 mF (measured 4.52 mF)
. Cin =314 pyF and Cg = 20 pF

Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_29 — 69.5 mV

. HSC_THR = VHSC_THRS_11 — 91.9 mV

. T NOM=T_NOMyn—1s

. CCM_PWM_TON = 50 ps

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 50 pulses

. CCM_PWM_T = 300 ps

. CCM_TIMEOUT =400 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 91
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Figure 91. CCM configuration and result from GUI for Test setup R2

Nominal Time CCM ( Capacitive Load Charge BurstMode) Conf.
1s CCM Status CHARGED
THresHolds CCM TimeOut 400 ms -
ey - CCM PWM Max Duration [2.0 ms -
OVE (mV) < J :
CCM PWM TimeON AMPL. x 2 -|
HSC (mV) |‘B1.‘B b ]
VDS (mV) a00 | CCM PWM TimeON 50.0 us
NTC (mV) 11092 -/ T —
CCM VOUT (V) |1 = CCM PWM Pulse 20 Pulse
vy 4 -
GCM PWM Period 300 us
> ccmon oo B com oFF ‘

Result R2:

With the mentioned setup R2, the 4.7 mF C_pap is charged in 6 ms (start phase) + 359 ms (standard phase).

Please note that this setup involves IOUT max at 69.8 A and VS max at 51.8 V confirming that selected Cy is
also very safe in this heavy setup to limit the boost effect.

Figure 92. Waveforms acquired during CCM with setup R2

t 4
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5.10 Effect of CLOAD = 6.9 mF

5.10.1 Trial Setup S

It adopts the same setup as trial E1 with the C| pap increased at 6.9 mF vs 4.7 mF.
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. VB =13V

. RsHuNT =5 mQ

. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoap = 6.9 mF (measured 6.69 mF)

. Cin =314 yF and Cg = 20 pF

Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_31 — 89.3 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

. T_NOM =T_NOMpyn — 1s

. CCM_PWM_TON = 50 ps

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T = 300 ps

. CCM_TIMEOUT = 200 ms

. CCM_PWM_SC T=2ms

. GUI settings at the end of CCM operations as shown in Figure 93

Figure 93. CCM configuration and result from GUI for test setup S

Nominal Time CCM ( Capacitive Load Charge BurstMode) Conf.
I, 1s
CCM Status CHARGED
THresHolds CCM TimeOut [200 ms -]
w 2.0 -
o 89.3 CCM PWM Max Duration 2.0ms
HSC (mV) 160 - CCM PWM TimeON AMPL. x2 >
300 -
YO8 {m¥) CCM PWM TimeON 50.0 us
WIC (mV¥) 110902 - S ———————————
4 -
(CL VOUTK (%) 5l CCM PWM Pulse 20 Pulse
ww [ -] -
CGM PWM Period 300 us
. P J ..................................
[ ccmon P o I com oFF

Result S:
With the mentioned setup S, the 6.9 mF C_pap is charged in 18 ms (start phase) + 48.5 ms (standard phase).

Using the same setup of trial E1, the overall tcyarge moves from 43.9 ms to 63.5 ms due to the C| pap that was
increased from 4.7 mF to 6.9 mF.

Also, IOUT max and VS max are impacted:

. IOUT max at 45.7 A (trial S) vs 42.6 A (trial E1)

. VS max at 14.1 V (trial S) vs 13.8 V (trial E1)
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Waveforms acquired during CCM with setup S
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Trial Setup T
It adopts the same setup as trial S with the CCM_PWM_TON set in TON protection to reduce tcyaRGE-

VB=13V

RsHunT =5 mQ

Ambient temperature = room temperature ~25°C generating TJ ~35°C
CLoap = 6.9 mF (measured 6.69 mF)

CiNy =314 yF and Cg = 20 yF

Device in Unlocked state with the following settings:

CCM_VOUT _THR =1V

OVC_THR =VOC_THRS_31 — 89.3 mV
HSC_THR = VHSC_THRS_15 — 160 mV
T NOM=T_NOMyN—1s
CCM_PWM_TON = TON protection
CCM_PWM_TON_MF =2 x
CCM_PWM_SC_T_NB = 20 pulses
CCM_PWM_T =300 ps

CCM_TIMEOUT =200 ms
CCM_PWM_SC T=2ms

GUI settings at the end of CCM operations as shown in Figure 95
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CCM configuration and result from GUI for test setup T

Nominal Time CCM (| Capacitive Load Charge BurstMode) Conf.
1s CCM Status CHARGED
THresHolds CCM TimeOut 200 ms -
[89.3 = CCM PWM Max Duration 2.0 ms »
oVC (mV) e
CCM PWM TimeON AMPL. x2 v
HSC (mV) 160 hd|
VDS (mV) 300 > GCM PWM TimeON TON Protection
NTC (mV) 11092 -
CCM VOUT (V) 1 = CCM PWM Pulse 20 Pulse
uv (V) 4 -
CCM PWM Period 300 us
. CCM ON -
CCM ON +GATE ON .(.(.M OFF

Result T:
With the mentioned setup T, the 6.9 mF C_pap is charged in 16 ms (start phase) + 33.4 ms (standard phase).
The setting of TON protection allows the overall tcyarge from 63.5 ms (trial S) to 49.4 ms (trial T).

Using the same setup of trial M, the overall tcyarge moves from 33.6 ms to 49.4 ms due to the increase of C_oap
from 4.7 mF (trial M) to 6.9 mF (trial T).

Waveforms acquired during CCM with setup T

B Fin 1§ Vetcal e Tmcbase [ Trgper & Displny
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Effect of Junction Temperature on CCM

Trial Setup U
It adopts the same setup as trial E1, with HSC_THR modified from the max level 160 mV to 91.9 mV.
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. VB =13V

. RsHuNT =5 mQ

. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoap = 4.7 mF (measured 4.52 mF)

. Cin =314 yF and Cg = 20 pF

Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_31 — 89.3 mV

. HSC_THR = VHSC_THRS_11 — 91.9 mV

. T_NOM =T_NOMpyn — 1s

. CCM_PWM_TON = 50 ps

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T = 300 ps

. CCM_TIMEOUT = 200 ms

. CCM_PWM_SC T=2ms

. GUI settings at the end of CCM operations as shown in Figure 97

Figure 97. CCM configuration and result from GUI for test setup U

GCM ( Capacitive Load Charge BurstMode) Gonf.

Nominal Time

i; | 1s CCM Status CHARGED
THresHold CCM TimeOut 200 ms -
baa | CCM PWM Max Duration 2.0 ms -
OVC (mV) (882 =l
CCM PWM TimeON AMPL. x2 x
HSC (mV) 91.9 e
VDS (mV) 200 s CCM PWM TimeON 50.0 us
NTC(mV) 11092 - ! it
CCM VOUT (V) 1 x CCM PWM Pulse 20 Pulse
wm B 3 S S——
CCM PWM Period 300 us
I
©CM ON
I ccmon | e B com oFF

Result U:
With the mentioned setup U, the 4.7 mF Coap is charged in 24 ms (start phase) + 70.1 ms (standard phase).
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Waveforms acquired during CCM with setup U
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Trial Setup V
It adopts the same setup as trial U, with the ambient temperature modified to hot.

VB=13V

RsHuNT =5 mQ

Ambient temperature = room temperature ~90°C generating TJ ~100°C
CLoap = 4.7 mF (measured 4.52 mF)

CiNy =314 yF and Cg = 20 uF

Device in Unlocked state with the following settings:

CCM_VOUT _THR =1V

OVC_THR =VOC_THRS_31 — 89.3 mV
HSC_THR = VHSC_THRS_11 — 91.9 mV
T NOM=T_NOMynN—1s
CCM_PWM_TON =50 ps
CCM_PWM_TON_MF =2 x
CCM_PWM_SC_T_NB = 20 pulses
CCM_PWM_T =300 ps

CCM_TIMEOUT =200 ms
CCM_PWM_SC T=2ms

GUI settings at the end of CCM operations as shown in Figure 99
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CCM configuration and result from GUI for test setup V

MNominal Time CCM | Capacitive Load Charge BurstMode) GConf.
1s CCM Status
THresHolds CCM TimeOut 200 ms -
89.3 CCM PWM Max Duration 2.0 ms -
OVC (mV) X it
CCM PWM TimaDN AMPL. x2 -
HSC (mV) 91.9 s
VDS (mV) 300 > CCM PWM TimeON 50.0 us
NTC (mV) 11092 -
CCM VOUT (V) ’ x CCM PWM Pulse 20 Pulse
uv (v) 4 hd
CCM PWM Period 300 us
- ©CM ON e
CCM ON S GATEON B com oFF

Result V:

With the mentioned setup V, the 4.7 mF C|oap is charged in 20 ms (start phase) + 70 ms (standard phase).

The temperature of gate controller device has a negligible effect on tcyarae that can be affected by the
temperature of the C poap and the temperature of the external MOSFET.

In the reported examples U vs V, the VNF1248F device was heated by the hot air flow over the device that is very
close to the MOSFET while the C poap is far from the used circuit. In this specific example, the trial V involves a

slightly faster tcyarge Vs trial U because the impact of a higher current peak in the start phase; in fact, we
observed ten pulses with max IOUT = 31.3 A in trial V vs 12 pulses with max IOUT = 30.6 A in trial U.

Waveforms acquired during CCM with setup V



http://www.st.com/en/product/VNF1248F?ecmp=tt9470_gl_link_feb2019&rt=an&id=AN6392

‘_ ANG6392
'l CCM application measurements tuning various parameters

5.12 Effect of Rgyynt on CCM

5.12.1 Trial Setup W

It adopts the same setup as trial E1 with the RgyynT increased at 20 mQ vs 5 mQ and the CCM timeout
increased at 400 ms vs 200 ms.

. VB=13V

. RsHunT =20 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoap = 4.7 mF (measured 4.52 mF)

. CiN =314 yF and Cg = 20 pF

Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_31 — 89.3 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

. T NOM=T_NOMpyN—1s

. CCM_PWM_TON = 50 ps

. CCM_PWM_TON_MF = 2 x

. CCM_PWM_SC T NB = 20 pulses

. CCM_PWM_T =300 us

. CCM_TIMEOUT =400 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 101

Figure 101. CCM configuration and result from GUI for test setup W

| Nominal Time ’T CCM ( Capacitive Load Charge BurstMode) Conf.
CCM Status CHARGED
THresHolds CCM TimeOut 400 ms -
NG ) Im CCM FWM Max Duration |§-0m _'..
HSC (mV) 0 | CCM PWM TimeON AMPL. x2 =
VDS (mV) 300 = GCM PWM TimeON 50.0 us
NTC@mV) 11092 - .
CCM VOUT (V) 1 x CCM PWM Pulse 20 Pulse
uv (V) m e — .
CCM PWM Period 300 us
—
[ camon +2?}?3" B com oFF

Result W:

With the mentioned setup W, the 4.7 mF C| poap is charged in 34 ms (start phase) + 219.5 ms (standard phase).
The CCM timeout is increased at 400 ms to complete the charge.

The increase of RgyunT from 5 mQ to 20 mQ involves reading from the ADC of current level four times greater.

Considering that the setup is the same as the one adopted in trial E1, we see IOUT max moving from 42.6 A with
RsyunTt = 5 mQ to 18.9 A with RsyunT = 20 mQ. The tcparce time increases from 43.9 ms to 253.5 ms.
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Waveforms acquired during CCM with setup W
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Effect of TNOM on CCM

Trial Setup X1
It adopts a dedicated setup to point out the effect of Tyom set at 1 s (min value).

VB=13V

RsHunT =5 mQ

Ambient temperature = room temperature ~25°C generating TJ ~35°C
CLoap = 4.7 mF (measured 4.52 mF)

Cin =314 yF and Cg = 20 pyF

Device in Unlocked state with the following settings:

CCM_VOUT _THR =1V

OVC_THR =VOC_THRS_3 — 10.4 mV
HSC_THR = VHSC_THRS_10 — 80 mV
T_NOM=T_NOMynN —1s
CCM_PWM_TON =50 ps
CCM_PWM_TON_MF =8 x
CCM_PWM_SC_T_NB = 20 pulses
CCM_PWM_T =500 ps
CCM_TIMEOUT =200 ms
CCM_PWM_SC T=2ms

GUI settings at the end of CCM operations as shown in Figure 103
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CCM configuration and result from GUI for test setup X1

- . CCM ( Capacitive Load Charge BurstMode) Conf.
Nominal Time {Sen - !

1s CCM Status CHARGED
CCM TimeOut 200 ms -
THresHolds

- CCM PWM Max Duration 2.0 ms -
ove (mV) 10.4 -

CCM PWM TimeON AMPL. x 8 v
HSC (mV) 80 T

VDS (mV) 300 = CCM PWM TimaON 50.0 us
NTC (mV) 110.92 -
CCM VOUT (V) 1 ¥ CCM PWM Pulse 20 Pulse
uv (V) 4 -
CCM PWM Period 500 us
CCM ON
CCM ON AT B com oFF

Result X1:
With setup X1, the 4.7 mF C_pap is charged in 24 ms (start phase) + 144.4 ms (standard phase).

Waveforms acquired during CCM with setup X1
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Trial Setup X2

It adopts the the same setup as trial X1 with Tyom set at 511 s (max value) vs 1 s (min value).
. VB=13V

. RsHunT =5 mQ

. Ambient temperature = room temperature ~25°C generating TJ ~35°C

. CrLoap = 4.7 mF (measured 4.52 mF)

. CiN =314 yF and Cg = 20 pyF
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Device in Unlocked state with the following settings:
. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_3 — 10.4 mV

. HSC_THR = VHSC_THRS_10 — 80 mV

. T_NOM =T_NOMpax — 511's

. CCM_PWM_TON = 50 ps

. CCM_PWM_TON_MF = 8 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T =500 ps

. CCM_TIMEOUT = 200 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 105

Figure 105. CCM configuration and result from GUI for test setup X2

Nominal Time CCM ( Capacitive Load Charge BurstMode) Conf.

| | B11s CCM Status CHARGED
THresHolds CCM TimeOut 200 ms |
s = CCM PWM Max Duration [ﬂlm 3
OVE (mV)
- 80 = CCM PWM TimeON AMPL. x 8 -
VDS (mV) S0 - CCM PWM TimeON 50.0 us
NTC (mV) 11092 - T |
CCM VOUT (V) b 4 CCM PWM Pulse 20 Pulse
wvivy 4 = T R
CCM PWM Period 500 us
. T
CCM ON
> comon S GATEON B com oFF

Result X2:

With the mentioned setup X2, the 4.7 mF Coap is charged in 24 ms (start phase) + 135.1 ms (standard phase).
The Tnowm set at max (trial X2 at 511 s) vs min (trial X1 at 1 s) value involves a faster tcyarge due to its
contribution in 12t fuse protection triggering in the standard charging phase. Max Tyowm involves a longer time ON

of HS_GATE because a longer time is needed to trigger It protection. In any case, the impact on the overall
tcHARGE is very little and it is visible by the slopes of the VOUT signal during the standard phase and by the final

portion highlighted in yellow in the below image where the 12t protection is triggered by OVC assuring longer time
ON of HS_GATE.
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Waveforms acquired during CCM with setup X2
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CCM attempt on OUT shorted to GND

Trial Setup Y

It adopts a dedicated setup to point out the consequences of a capacitive charging mode launched with OUT
shorted to GND.

.

.

VB=13V

RsHunT =5 mQ

Ambient temperature = room temperature ~25°C generating TJ ~35°C
CLoap = short circuit between OUT and GND

CiN =314 yF and Cg = 20 pyF

Device in Unlocked state with the following settings:

CCM_VOUT_THR =1V

OVC_THR =VOC_THRS_31 — 89.3 mV
HSC_THR = VHSC_THRS_15 — 160 mV
T_NOM=T_NOMyn — 1s
CCM_PWM_TON = 50 ps
CCM_PWM_TON_MF = 8 x
CCM_PWM_SC_T_NB = 20 pulses
CCM_PWM_T =500 ps

CCM_TIMEOUT =200 ms
CCM_PWM_SC_T=2ms

GUI settings at the end of CCM operations as shown in Figure 107
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CCM configuration and result from GUI for test setup Y

Nominal Time CCM | Capacitive Load Charge BurstMode) Conf.
1s CCM Status NCOMPLETE
THresHolds CCM TimeOut 200 ms 7
89.3 = CCM PWM Max Duration 2.0 ms -
OVC (mV) :
< x 8 -
HSC (mV) 160 = CCM PWM TimeON AMPL.
VDS (mV) b i CCM PWM TimeON 50.0 us
NTC (mV) 11092 -
CCM YOUT (V) i = GCM PWM Pulse 20 Pulse
uv (V) 4 v
CCM PWM Period 500 us
CCMON
CCM ON Aol B ccm oFF

Result Y:

With the mentioned setup Y, the CCM is aborted after 20 pulses corresponding to 40 ms of the start phase
because VOUT remained at 0 V so that no transition to the standard phase is allowed.

Waveforms acquired during CCM with setup Y
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Examples of CCM completed or stopped before capacitance charge completion

Trial Setup 21
It adopts a dedicated setup.
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. VB =13V
. RsHunt =5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C

. CLoap = 4.7 mF (measured 4.52 mF)
. Cin =314 pF and Cg = 20 pF

Device in Unlocked state with the following settings:
. CCM_VOUT_THR =4V

. OVC_THR =VOC_THRS_31 — 89.3 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

. T_NOM =T_NOMpyn — 1s

. CCM_PWM_TON = TON protection

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 50 pulses

. CCM_PWM_T = 1000 ps

. CCM_TIMEOUT =400 ms

. CCM_PWM_SC T=2ms

. GUI settings at the end of CCM operations as shown in Figure 109

Figure 109. CCM configuration and result from GUI for test setup Z1
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6] Nvu_DEF CFGEN FOF 6 ourst  Fol
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Result Z1:
With the mentioned setup Z1, the 4.7 mF Cpap is charged in 74 ms (start phase) + 41.4 ms (standard phase).
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Waveforms acquired during CCM with setup Z1

B Fia [ Vercal s Tmebase [ Tnggar & Dispiay
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Trial Setup Z2
It adopts the same setup as trial Z1, but the device is in Fail-safe.

.

VB =13V

RsHuNT =5 MmQ

Ambient temperature = room temperature ~25°C generating TJ ~35°C
CLoaD = 4.7 mF (measured 4.52 mF)

CiN =314 yF and Cg = 20 uF

Device in Fail-safe state with the following settings:

CCM_VOUT_THR =4V

OVC_THR =VOC_THRS_31 — 89.3 mV
HSC_THR = VHSC_THRS_15 — 160 mV
T NOM=T_NOMynN—1s
CCM_PWM_TON = TON protection
CCM_PWM_TON_MF =2 x
CCM_PWM_SC_T_NB = 50 pulses
CCM_PWM_T =1000 ps
CCM_TIMEOUT =400 ms
CCM_PWM_SC_T=2ms

GUI settings at the end of CCM operations as shown in Figure 111
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CCM configuration and result from GUI for test setup Z2
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Result Z2:
With the mentioned setup Z1, the 4.7 mF Cpap is charged in 76 ms (start phase) + 44.4 ms (standard phase).

The slight longer tcyargE Vs trial A1 is due to one additional pulse present in the start phase and a longer
duration in the standard phase due to VOUT reaching 13.1 V vs 11.7 V.

Waveforms acquired during CCM with setup Z2

B Fia 1§ Vedcal e Tmcbase [ Trgpar & Displny Cursors A . = X Utilses @ Support

Trial Setup Z3

It adopts the same setup as trial Z1 but the CCM is purposely aborted after ~47 ms by means of a dedicated SPI
frame in CR#1 where bit 18 (CCM_CTRL_ON) is set at “0” and bit 19 (CCM_CTRL_OFF) is set at “1”.

. VB=13V

: RsHuNT =5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoap = 4.7 mF (measured 4.52 mF)

. CiN =314 yF and Cg = 20 pyF
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Device in Fail-safe state with the following settings:
. CCM_VOUT_THR =4V

. OVC_THR =VOC_THRS_31 — 89.3 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

M T_NOM = T_NOMN"N —1s

. CCM_PWM_TON = TON protection

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 50 pulses

. CCM_PWM_T =1000 ps

. CCM_TIMEOUT =400 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 113

Figure 113. CCM configuration and result from GUI for test setup Z3
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Please note that the CCM_CTRL_OFF (bit19 in CR#1) is refreshed after the CCM is aborted.

Result Z3:

With the mentioned setup Z3, the 4.7 mF Cpap is aborted after 46.8 ms during the start phase due to a
dedicated command on CR# 1. The VOUT reaches 2.8 V once the CCM is stopped.
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Waveforms acquired during CCM with setup Z3

TELEDYNE LLI

Trial Setup Z4

It adopts the same setup as trial Z3 with the device in Fail-safe mode and the CCM purposely aborted after 85.6
ms by means of a dedicated DIN set from high to low.

.

VB =13V

RsHunT =5 mQ

Ambient temperature = room temperature ~25°C generating TJ ~35°C
CLoaD = 4.7 mF (measured 4.52 mF)

CiN =314 yF and Cg = 20 puF

Device in Fail-safe state with the following settings (written in NVM):

CCM_VOUT_THR =4V

OVC_THR =VOC_THRS_31 — 89.3 mV
HSC_THR = VHSC_THRS_15 — 160 mV
T NOM=T_NOMynN—1s
CCM_PWM_TON = TON protection
CCM_PWM_TON_MF =2 x
CCM_PWM_SC_T_NB = 50 pulses
CCM_PWM_T =1000 ps
CCM_TIMEOUT =400 ms
CCM_PWM_SC_T=2ms

GUI settings at the end of CCM operations as shown in Figure 115
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CCM configuration and result from GUI for test setup Z4
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Result Z4:

With the mentioned setup Z4, the 4.7 mF C|pap is aborted after 74 ms (start phase) + 11.6 ms (standard phase)
due to DIN moving from high to low. The VOUT reaches 5.1 V once the CCM is stopped.

Waveforms acquired during CCM with setup Z4

BFia B Vedcal e Tmebase [ Troper &

Examples of CCM + GATE ON

Trial Setup E2
It adopts the same setup as trial E1 with C_pap at 4.7 mF but in this case we launched CCM + GATE ON.

. VB=13V

. RsHunT =5 mQ
. Ambient temperature = room temperature ~25°C generating TJ ~35°C
. CLoap = 4.7 mF (measured 4.52 mF)

. Cin = 314 uF and Cg = 20 pF
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Device in Unlocked state with the following settings:

. CCM_VOUT_THR =1V

. OVC_THR =VOC_THRS_31 — 89.3 mV

. HSC_THR = VHSC_THRS_15 — 160 mV

M T_NOM = T_NOMN”N —1s

. CCM_PWM_TON =50 ps

. CCM_PWM_TON_MF =2 x

. CCM_PWM_SC_T_NB = 20 pulses

. CCM_PWM_T =300 ps

. CCM_TIMEOUT = 200 ms

. CCM_PWM_SC_T=2ms

. GUI settings at the end of CCM operations as shown in Figure 117
. In the same frame on CR#1 set CCM_CTRL_ON (bit 18) = 1b AND OUTCTL (bit 4) = 1b

Figure 117. CCM configuration and result from GUI for test setup E2. At the end of charge the HS_GATE is
turned again ON to sustain OUT voltage
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Result E2:
With the mentioned setup E2, the C_pap is charged in 4 ms (start phase) + 31 ms (standard phase).

In this case, once C|pap is charged, OUTCTL (bit4) = 1b in CR#1 maintain ON the MOS (OUTST bit 16 in SR#1
is at “1”) to maintain VOUT value close to VB.
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Waveforms including VDS acquired during CCM with setup E2 with device in Unlocked state
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Below is the zoomed image focused on the CCM step, with HS_GATE maintained ON at the end of the C| oap
charge.

Zoomed waveforms including VDS focused on CCM step with setup E2 with device in
Unlocked state

Standard charging phase 2 (9ms):
The pulse duration depends on set CCMtimeON and
Standard charging phase 1 (22ms): period and no 2t protections are triggered as per
The pulse duration depends on 2t DIAG status (HSC and OVC are not achieved). It
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6 Conclusions

As shown in the examples verified in this document, the VNF 1248F device can sustain, through the CCM feature,
the charging of a wide range of capacitive loads operating at supply voltages of 12V, 24 V, and 48 V. For 48 V
applications, while CCM is active, the parasitic elements combined with the application circuitry of VNF1248F can
cause a voltage boost effect that is potentially critical.

In this document, all hazardous conditions are avoided by varying the value of Cj\ capacitors and, where
necessary, by using a transient voltage suppressor (TVS) SM15T68CAY.

Similarly, end users must select the application components to prevent dangerous voltage levels that could
exceed the absolute maximum ratings of the VNF1248F device.
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