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Figure 1.  Typical Application schematic.

Figure 2. High Creepage, Safety-Compliant InSOP-T28D Package.

Output Power Table!

750 V PowiGaN Switch
Product*s 230 VAC +£15% 85-264 VAC
Adapter? F?§:123 Adapter> F?£:1:3
INN5375F 90 W 100 W 75 W 90 W
INN5376F 115w 125 W 80 W 115w
INN5377F 135 W 145 W 90 W 135 W
Product*> 900 V PowiGaN Switch
INN5396F 115 W 125 W 80 W ‘ 115 W
750 PowiGaN Switch
Product®s 230 VAC £15% 385 VDC (PFC Input)
Adapter? F?:rﬁga Adapter? F(r);rggi‘
INN5475F 105w 130 W 160 W 180 W
INN5476F 140 W 160 W 180 W 200 W
INN5477F 170 W 190 W 200 W 220 W
Product*® 900 V PowiGaN Switch
INN5496F 140 W 160 W 180 W 200 W
Table 1.  Output Power Table.

Notes

1. Maximum output power is dependent on the design, with maximum IC
package temperature kept <125 °C.

. Minimum continuous power in a typical non-ventilated enclosed typical size
adapter measured at 40 °C ambient.

. Minimum peak power capability.

. F Package: InSOP-T28D.

. INN53xx series optimized for universal AC input designs.
INN54xx series optimized for peak power designs with PFC input.
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Figure 3.  Primary Controller Block Diagram.
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Figure 4. Secondary Controller Block Diagram.
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Figure 5. Pin Configuration.
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Figure 7.  Intelligent Zero Voltage Mode Switching. Time
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Figure 8. Intelligent Quasi-Resonant Mode Switching.
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Figure 9.  PI Slave Address. skl Utk

RC T2 ER 8A: 3HI0|E M)| B

M| FA:
[PL_SLAVE_ADDRESS][W][A][PI_COMMAND][A][Byte][A] &=
[PI_SLAVE_ADDRESS][W][A][PI_COMMAND][A][Low Byte][A][High

Byte][A]
PI_COMMAND BYTE WRITE LOW BYTE DATA WRITE HIGH BYTE DATA

START PI_SLAVE_ADDRESS 0x10 0x20 0x86 STOP
R B [ R R I
soa + | ! [ofo[1]1]oJoo]wi{A[oTolo[tToToToJo|A[oo [t olo[o]ofo[A[iTo[oo o [t o]A | [
P | N ! o
SCL : [ B i 10 | | |
Lt b [, [ [ 1 ._____:

A ACK GENERATED BY PI_SLAVE LCOMMAND

EXECUTED

PI-8445-100417

Figure 10. Example Register Write Command Sequence (CV set to 8 V).
I2CZ2E2 A 2HI0I1E 20| 28

FAE | EciME:
[PI_SLAVE_ADDRESS][W][A][PI_COMMAND][A][START_TELEMETRY_REGISTER_ADDRESS]
[AI[END_TELEMETRY_REGISTER_ADDRESS [A]

[PI_SLAVE_ADDRESS] [r][AKXPI Slave responds Low Byte}[a]{PI Slave responds High Byte}[na]

READ REGISTER START TELEMETRY REGISTER END TELEMETRY REGISTER
START PI_SLAVE_ADDRESS 0x80 0x16 0x16 STOP
A T [ I I I —
SDAi_| !i|0|0|1|1|0|0|O|W!Ai1|0|0|0|0|0|0|0|A ofofof1]o[1]1]ofAfofofof1]of1]1]0]A ! i
I N . | | . :
SCL | ! R i ] 1 1 110 :
!.____4 b b - S | L————1I
LOW BYTE READ-BACK HIGH BYTE READ-BACK
START PI_SLAVE_ADDRESS 0x00 0x02 STOP
A Vo A T R
soa + ] ¢ i[oJo] <]t o]o]o] r {A[oToT o]0 o o o o] o o o o o o 1 0]ma } [ !
| ] | ] | |
scL | L :|‘|l i in | |
!.____J . L I e | |_____4|
A ACK GENERATED BY PI_SLAVE
a MASTER ack
na MASTER nack
PI-84462-060520

Figure 11. Example Read Register Sequence (Read Fault Register READ11). Note: START and END TELEMETRY Register Addresses Does Not Have to Point to Same
Register to Read multiple Registers in Single Command.
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Register Address
Name Function Ad]Ru stment Address Type Default Description
ange Address | with Odd
Parity
bit[7] Parity
VBEN Series Bus Enable or 0x04 W_Byte 0x0 {11} Enable VBEN/Disable VDIS
Switch Control Disabled - bit[1:0] | {01} Disable VBEN/No Reset
{00} Disable VBEN/Reset
{0}: Auto disable when
. VOUT<10PCT
_ BItl2] | r13. Auto disable when
Activate Enable or VOUT<4PCT
BLEEDER® | Bleeder (V. ) . 0x06 0x86 W_Byte 0xDO
Functior(m)UT Disabled {00}: Disabled
bit[1:0] {11}: Enabled with auto disable
OTP clears this register
bit[7] | Parity |
{0011} Enable Discharge/
vprs | Load (VBUS) Enable or 0x08 W_Byte 0X0 Disable VBEN/Reset
Discharge Disabled - bit[3:0] | {0010} Enable Discharge/
Disable VBEN No Reset
{1110} Disable Discharge
Turn-Off Latch-Off Enable or . {0}: Disabled
PSU Device Disabled 0x0A D W_Byte 0x0 bit[0] {1}: Enabled
10 ms Update .
Fast VI | Speed of CV/CC Limit or 0x0C 0x8C W_Byte 0x0 bit[0] {1}: I?lsgble 10 msec update
Command Update - limit
No Speed Limit
{11}: 64 ms
. {10}: 32 ms
BIL4:3] | 1013: 16 ms
{00}: 8 ms
Constant- {11}: Disable-Output*
CvVo Only CV Mode 0xO0E W_Byte 0x04 . _
Voltage Only bit[2:1] E(l)(g ﬁ:ttgh_Rg:ftart
{00}: No Response
bit[0] {1}: CV OnIY Mode/No CC
Regulation
bit[15] | High Byte Parity
3Vto30V 500 bit[12:8] | Output Voltage Range
cv Output Voltage 0x10 W_Word {300 to 3000}
(10 mv/step) (5V) bit[7] Low Byte Parity 10 mV/LSB
bit[6:0] | Output Voltage
Table 2. Command Register Assignments.
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Register Address
Name Function Ad::;JStme“t Address Type Default Description
ange Address | with Odd
Parity
bit[15] | High Byte Parity
{11}: Disable-
Output?
{10}: Auto-
Auto- | bit[11:10] Restart Range
OVA Overvoltage 3.3Vto40V 0x12 0x92 W_Word Restart {01}: Latch-Off £33 to 400}
Programming (100 mV/step) 96 {00}: No
100 mV/LSB
(9-6V) Response
bit[9:8] | Threshold
bit[7] Low Byte Parity
bit[6:0] | Threshold
bit[15] | High Byte Parity
0: Enable UVL
timer
bit[14]
1: Disable UVL
timer
{11}: 64ms
. . {10}: 32ms
Ttms bit[13:12] {01}+ 16ms .
uto- {00}: 8ms ange
uva | Undervoltage (igovmt\? /:Eev) 0x14 0x94 | W_Word | Restart : {27 to 400}
P 36 {11}: Disable- | 100 mv/LSB
(3.6V) Output*
{10}: Auto-
bit[11:10] Restart
{01}: Latch-Off
{00}: No
Response
bit[9:8] | Threshold
bit[7] Low Byte Parity
bit[6:0] | Threshold
Cable Drop 0 mV to 600 mV 0 . Range {0 to 12}
cpe Compensation (50 mV/step) 0x16 W_Word ov) bit[3:0] 50 mV/LSB
bit[15] | High Byte Parity Range
0, 0, .
Constant 15% to 100% of 192 bit[8] £29 (15%)
CcC Current CC, (0.17 mv/ 0x18 0x98 W_Word 100% - - to 192
Regulation step/Rs) (100%) bit[7] | Low Byte Parity 1%00/
bit[6:0] (100%);
bit[15] | High Byte Parity
Constant bit[8 Range
Ve, Output Power (51630th3 /z,?ev) Ox1A W_Word (3?8?/) 8] —— {53to 300}
Knee Voltage P bit[7] | Low Byte Parity | 100 mv/LSB
bit[6:0]
LS Line Sense Enable 0x1C W Byte | 0x00 biro] | {1+ Line sense trigger, auto
resetto 0
Output . {10}: Auto-Restart
ccsc Short-Circuit AE'O L:;ghozf;:r 0x20 W_Byte 0x02 bit[1:0] | {01}: Latch-Off
Fault Detection P {00}: No Response
Table 3.  Command Register Assignments (cont).
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Adjustment

Register Address

Name Function R Address Type Default Description
ange Address | with Odd
Parity
) {11}: Disable-Output*
Disable Output, : {10}: Auto-Restart
AR, Latch-off or bit[1:0] {01}: Latch-Off
No Response {00}: No Response
Frequency Detection Threshold
IS pin Short Frequency . {OO}E 60 I|:Hz
Fault Response (30kHz/60kHz/ bit[3:2] {01}: 30 kHz
ISSC | and Detection | OKHZ/120kHZ) | 0427 OxA2 | W_Byte |  0x32 0320 ke
Frequency {11}: 120 kHz
Threshold {001}: d'16
{010}: d'32
{011}: d'48
fhreshold for bit6:4] | {100}: d'64
{101}: d'80
{110}: d'96
{111}: d'112
{00}: No Watch-Dog
Watchdog | Communication Disable/0.5 0x01 o {01}: 0.5 sec
Time Rate Monitor s/l1s/2s 0x26 W_Byte (0.5 sec) bit[1:0] {10}: 1 sec
{11}: 2 sec
Writing a bit[8] | Operating Mode Flag (OMF)
non-zero value bit[7] Series Bus Switch Short
enables interrupt bit[6] | Control Secondary
bit[5] BPS Current Latch-off
Interrupt | Interrupt Mask Interrupt is 0x2C WR_Byte 0x00 bit[4] | CVO Mode Peak load timer
automaticall bit[3] | IS pin Short
ed afte
Olrs‘z interruptr bit[2] Output Short-Circuit
pulse sent out bit[1] | VOUTUV)
bit[0] | VOUT(OV)
{11}: d'72
Threshold for — {10}: d'64
Current Sense bit[5:4] {01}: d'32
{00}: d'48
Se;:f,}c};us Number of {11}: 4 samples
. 10}: |
VBUSSC Short-Circuit Current Sense 0x36 0xB6 W_Byte 0x02 bit[3:2] %0(3 g :mglzz
Fault Samples {00}; 1 sample
) {10}: Auto-Restart
AR, Latch-off or bit[1:0] | {01}: Latch-Off
0 Resp {00}: No Response
Discontinuous -
- Enable or . {0}: Disable
DCM-only Conduction . 0x3A 0xBA W_Byte 0x00 bit[2] :
Mode Only Disabled {1}: Enable
Table 4. Command Register Assignments (cont).
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Register Address

. Adjustment Lo
Name Function Range Address Type Default Description
Address | with Odd
Parity
bit[11] {1}: Enable FWD Valley Switching
{0}: Disable FWD Valley Switching
. {1}: Enable SRZVS mode
srzvs | R blfj‘lzz‘l Vs Disabled OX3E W Byte | P01 | 101 Disabled SRZVS mode
bit[7:5] | SR-ZVS Delay Count®
bit[4:0] | SR-ZVS ON Count¢

Table 5. Command Registers Assignments (cont).

Notes:

A. Disable Output Fault Response Disables VBEN with Reset at fault. Reset may trigger AR depending on the operating conditions.
B. Disable the weak bleeder by writing 0x0x into 0x86 at power-on to reduce no-load power.
C. The minimum values for SR-ZVS ON count and Delay count should be >= d'3 to observe the change of ~85 ns with each step.

oower

integrations
Www.power.com

Rev. D 12/24


http://www.power.com
http://www.power.com

InnoSwitch5-Pro

HYOER(IEW) ANAH FA &Y W 849

Name Register Name Register Address| Type Register Bit Assignments
bit[15] | High Byte Parity
. bit[12:8]
READ1 Output Voltage Set-Point 0x02 R_Word {Reg_CV}
bit[7] | Low Byte Parity
bit[6:0]
bit[15] | High Byte Parity
. bit[8]
READ2 Output Current Set-Point 0x04 R_Word ; - {Reg_CC}
bit[7] | Low Byte Parity
bit[6:0]
bit[15] | High Byte Parity
bit[12:8]
READ3 Overvoltage Threshold 0x06 R_Word - : {Reg_OVA}
bit[7] | Low Byte Parity (10 mV/LSB)
bit[6:0]
e bit[15] | High Byte Parity
[
1 bit[12:8
T READ4 Undervoltage Threshold 0x08 R_Word [ - ] _ {Reg_UVA}
g bit[7] | Low Byte Parity (10 mV/LSB)
2 bit[6:0]
';I,\ READ5 Constant Power Threshold Ox0A R_Word bit[8:0] | {Reg_VKP}
-:,::, Overvoltage Fault bit[15:14] | {Reg_OVA_Response}
g Undervoltage Fault bit[13:12] | {Reg_UVA_Response}
g Output Short-Circuit bit[11:10] | {Reg_CCSC_Response}
(v) . .
1S Short bit[9: Reg_ISSC_R
READ6 pin >ho 0x0C R_Word 1t9:8] | {Reg.. —Response}
Undervoltage Time Out bit[7:6] | {Reg_UVA_TIMER}
Watchdog Time Out bit[5:4] | {Reg_WD_TIMER}
CV Mode bit[3:2] | {Reg_CVO_Response}
CV Mode Timer bit[1:0] | {Reg_CVO_TIMER}
VBUS Switch Enable bit[14] | {Reg_VBEN}
Minimum Load bit[13] | {Reg_BLEEDER}
Turn PSU Off bit[12] | {Reg_PSUOFF}
Fast VI Commands bit[11] | {Reg_FSTVIC}
READ7 Constant-Voltage Mode Only 0x0E R_Word bit[10] | {Reg_CVO}
Over-Temperature Fault .
Hysteresis bit[9] | {Reg_OTP_HYS}
Cable Drop Compensation bit[3:0] | {Reg_CDC}
bit[15] | High Byte Parity
READS | Measured Output Current 0X10 R_Word bS] {Reg_
P - bit[7] | Low Byte Parity MEASURED_I}
2 bit[6:0]
£ bit[15:12] | 4'b0
o
é Vout Range Report-back resolution
3 3-4V 20 mv
= | READ9 Measured Output Voltage 0x12 R_Word
4-8V 40 mV
8-16V 80 mV
16-32V 160 mV
Table 6.  Telemetry (Read-Back) Register Assignments.
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Name Description Register Address| Type Register Name
Interrupt Enable bit[15] | {Reg_INTERRUPT_EN}
System Ready Signal bit[14] | {Reg_CONTROL_S}
Output Discharge bit[13] | {Reg_VDIS}
Line Sense Reporting Ready bit[12] | {Reg_Line_Sense}
Allow to Enter CV command bit[10] | {Reg_CV_EN}
“ootecton Fault bi(9] | {Reg_OTP}
(InstRaEnAtdaDnleOous) VOUT_ADC > 1.04*VOUT 0x14 R_Word bit[5] | {Reg_VOUT4PCT}
VOUT_ADC > 1.1*VOUT bit[4] | {Reg_VOUT10PCT}

IS pin Short-Circuit Detected bit[3] | {Reg_ISSC}

Output Short-Circuit Detected bit[2] | {Reg_CCSC}
OUtpuE:Zgl?agrgtg:/ rat bit[1] | {Reg_VOUT_UV}
Omp”gﬂ;ﬂ:g;’ Fault bit[0] | {Reg_VOUT_OV}

bit[2] | CC Mode
READ11 Operati?glv':";)’de Flag 0x16 R_Word bit[1] | CP Mode
bit[0] | CV Mode
bit[15:8] | 8b'0
READ12 Average Output Current 0x18 R_Word
bit[7:0] | 16 sample average of READ 8
bit[15:12] | 4b'0
READ13 Average Output Voltage 0x1A R_Word
bit[11:0] | 16 sample average of READ 9
bit[15:8] | DAC_100mV
READ14 Voltage DAC 0x1C R_Word
bit[7:0] | DAC_10mV
CVO Mode DO bit[6] | {Reg_DO_CVO}
IS pin Short-Circuit DO bit[4] | {Reg_DO_ISSC}
READ15 Output Voltage OV DO Ox1E R_Word bit[2] | {Reg_DO_VOUT_OV}
Output Voltage UV DO bit[1] | {Reg_DO_VOUT_UV}
Watchdog triggered bit[0] | {Reg_Watchdog}
CVO Mode AR bit[14] | {Reg_ar_CVO}
Bus switch Short-Circuit AR bit[13] | {Reg_ar_VBUSSC}
IS pin Short-Circuit AR bit[12] | {Reg_ar_ISSC}
Output Short-Circuit AR bit[11] | {Reg_ar_CCSC}
Output Voltage OV AR bit[10] | {Reg_ar_VOUT_OV}
Output Voltage UV AR bit[9] | {Reg_ar_VOUT_UV}
PSU turn OFF command bit[7] | {Reg_Lo_CMD}
READ16 received 0x20
CVO Mode LO bit[6] | {Reg_Lo_CVO}
Bus switch Short-Circuit LO bit[5] | {Reg_Lo_VBUSSC}
IS-pin Short-Circuit LO bit[4] | {Reg_Lo_ISSC}
Output Short-Circuit LO bit[3] | {Reg_Lo_CCSC}
Output Voltage OV LO bit[2] | {Reg_Lo_VOUT_OV}
Output Voltage UV LO bit[1] | {Reg_Lo_VOUT_UV}
BPS pin LO bit[0] | {Reg_BPS_OV}
Table 7. Telemetry (Read-Back) Register Assignments (cont).
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Name Description Register Address| Type Register Name

Status
Mask | bit[8] | {Reg_OMF}
bit[7] | {Reg_VBUSSC}
bit[15] | bit[6] | {Reg_~CONTROL_S}
bit[14] | bit[5] | {Reg_LO_Fault}
bit[13] | bit[4] | {Reg_CVO_AR}
bit[12] | bit[3] | {Reg_ISSC}
bit[11] | bit[2] | {Reg_CCSC}
bit[10] | bit[1] | {Reg_VOUT_UV}

bit[9] | bit[0] | {Reg_VOUT_OV}

bit[15:12] | 4b'0

READ21 Line Sense TON report 0x2A R_Word bit[11:0] é&lf??opﬁ Sf:(l;mulated value of ~ primary

READ17 Interrupts 0x22 R_Word

16 sample accumulated value of ~ SR switch

READ22 Line Sense TOFF report 0x2C R_Word bit[15:0] ON time

bit[3] {0}: Positive offset
READ23 End of Line Calibration Ox2E R_Word {1}: Negative offset
bit[2:0] | Constant Current regulation offset

Table 8.  Telemetry (Read-Back) Register Assignments (cont).
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o™ dIXIAH HHES 220182 B M2 =X 2KAE(READI2)E J[8I22 SHLICH

ALE ZHI SE sIXAE HF Mgt A" 2J1= ~26mA/stepiLICH

AAE Z=H| HIE {Reg_control_s}= I2C ESHMAS AI&GH| &t Oll Fl: ZICH CCIt 5A(R, = 6.4mQ)0! I} AiZ2l012 2, CCEE &
InnoSwitch5-ProJt @ E-2|AEFE(AR), 2HXl 2 Z(LO), 2 HIZ A5 OIEZ SAMA 2.5A2 HZ5l= 882 2D 2&LICH0I212 CCE

5A CC JI&&(threshold)2| 2 &8F MA H&t2 6.4mOLICE Ol HIoIA
4
A

[Pl

(DO) = 7| MAIYS Sof 214 AEH0I SO 201 1010F BILICL  100%(0xCO) I Al 50%(0x60)2 B 25t 210} ZSLICHE S T2IE]
{Reg_control_s} HIEDJI "1"2 HA&EIH InnoSwitch5-ProJt I°C H¥S £ HEole 0x80E00] E):
S4IE E=HDF EUSS LUK PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)
{Reg_control_s} HIEE 2192{% READ10 5t%I 4 0x148 0x80 PL_Command: CC Register (0x98)
FA0 SLICHL J24 03 4 0x800IA &I HHOIE GIOIEIS CHA Low Byte: 0xEO (850100 0000)
&LICH HIE 14= {Reg_control_s}y&ILICH High Byte: 0x80 (8'b1000 0000)
E| 2 = 2 e © N
g 3 4 <. 3 N =
g £ 2 5 gy g5 g v 33 0% 30 .
MsB S S s z Null ! =3 &6 | Reserved l S @ o 3 3 LsB

REG || REG || REG || REG 0 0 REG || REG 0 0 0 REG || REG || REG || REG || REG || REG

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PI-8447a-061021

Figure 12. {Reg_Control_s} Telemetry Register (READ 10).

OIAl: {Reg_control_s} b= &1 @2 &2 We )|=F(threshold) VKP(0x1A)
PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000) FHE =3 E42 100% E8F d=2dI0lE J|EE (threshold)(Z
Read Register: 0x80 ALY HMF HFH) "HREH(knee) M M2 Soll T2 eHUELICH
PI_Command: READ10 (0x14), READ10 (0x14) PI_SLAVE_ Z ALY CCOH2.5A010 BI=H M2y Met0| 8VE A3 LA HAH2
ADDRESS [r]: 0x31 (8'b0011 0001) 20WRLICH VKP HIXIAEDE 12VE A3 CH ZUHHCZ VKP IIEES

ZDoie BH Sa2 SLIC
&2 meH(CV), B2 BEE(CC), IT DE(CP), HOIE ML 25 dohs SES SES 3WorEUH
Y3(CDC) ¥ Y g RC(Cvo) T2 Y

CV Register (0x10)

It ME2t0lel &3 M2 VOUT ZIoA 2018 ELICHL Ra8t
Tz eHY HRl= 10mV/Isb EHeIZ 3V~30VRILICEH J|12 CV AIXIAE
22 5VILICH 5V 012 2 50mA 0|2t BLEI0AE 10mV/stepL 2

=9 SR d0] 201X %42 = AUsLICH

Gl Ml: CVE 5VOIl A 8VE B

8VE Isb HAIZ H1&t: 8/(10mV/Isb) = 800 16& =+~ Al =2 H
(800 = 0x0320)

== IfClEl BIEJF =IHe 8 1648 == [0/ E = 0x8620&/ LI Ct.
Ol0fl CHet HIE PC 22 LS £&LICH

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)
PI_Command: CV Register (0x10)

Low Byte: 0x20 (8'b0010 0000)
High Byte: 0x86 (8’b1000 0110)

0l 88 AlZA= 18 102 8 2400 Liek ASLICH

CC Register (0x98) St A >
HAEE 2018 HXNAH F=AE 0x180/01 &4 WH2IEDF =IHEH :

Output Current (A
0x982LICH HAZ M2 0l& J|ZEH(threshold)2 2 A2l P ) PL.6448-092517
15%(d"29) CCOIA 100%(d'192)MtX| &S &= JUSLICHL 2 AAHLY
HEI J|E& (threshold)2 IS Zl It GND & AHO[2] dIA MEtS Solf Figure 13. Constant Output Power Profile.
SAEELICHL 2 AL &8 M 2okl LEtA0l g2 32mV(I

LICH 2olls A8 AJ1= (0.52%/step)2 LICE

A

CV Region

o
Output Voltage (Vpc)

—
N
<

(o]
<

uolbay DD

SV(TH))

32mV/192 = 0.167 mV/step/Rs
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SFO0A Dot Z201 0IZ2 Il InnoSwitch5-Proi= CVOIIA SZst
CtS CPZ dEtE| 1) VKP J|EE(threshold) OI2H0IAl CC FH2 2
HEHELICHL VKPE zIUEH(30V)2 & HSF6tH FEY & ¢lZ2d0ld
0l loIELICH

0l Hl: VKPZ 30V(d’300)(0xFO = E+ TH2|E| It HEEl 2¢ 0x0170) 01 A
8V(0x50 = 0x80D0)2 &2 :

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)

PI_Command: VKP Register (0x1A)
Low Byte: 0xDO0 (8'b1101 0000)
High Byte: 0x80 (8'b1000 0000)

F&F cl=2al0ld JIE8(threshold)S 28 =018 VKP 2822 =
T2 cHAE £ =5 dH0| ==X 2sLICHL 212 oAINA CC
diZ2dI0IEE 2A(E ALY CC= QU2 2.5A)2 £F56HH(VKP = 8V),
OcHOll EAIE 240t 22 £ Z=Z2MYU0| MHLH S2E 20W HA
S42| CP S4 10V Z#0| LIEHELICH

A

T N

T e EESEERE ~

2A 25A
Output Current (A)

PI-8449-100417

Figure 14. Constant Output Power Profile with Reduced CC Regulation

Threshold.
I
A | CDC = 600 mV (0xC)
|
|
- I
>8 CDC = 300 mV (0x6)
e |
[=)]
8 |
2 CDC = 100 mV (0x2)
- J-' CDC = 50 mV (0x1)
2 INoCDC =0V
hd
3 |
o
|
|
I
3
d el
No-Loa
Output Current (A) 100 % Threshold
PI-8450-092517

Figure 15. CDC as Function of Load Current.

JoIE ¥ A5t 2H(CDC)(0x16)

A0S Y 2ot EHO 22 50mV/step SHIZ 0V~600mV Hel0IA
HIofe == ASLICH CDCE FEF alZ2d01& J|EE(threshold)E
T27HckE O MBE= dlal MEH(IS2 GND & A0Sl MEhS
sofl d]2| JIs22 HSELICHL SFat Aldil= CDCIt &1 £akt
SItotH 100% EHF diZ2aold JIEE(EF 4 Me e 2
ALY M) 2A0IA Z2 D= EO0l 0I23 S22 230
HEROZ SIHELICH

Otelf H= &ot= CDCE =25k fI8t dIXIAH gtS 20 SLICHL

CDC (mV) Hex Value Binary
0 0x00 4’0000

100 0x02 4'b0010
150 0x03 4'b0011
200 0x04 4'b0100
250 0x05 4'b0101
300 0x06 4'b0110
350 0x07 4'b0111
400 0x08 4’1000
450 0x09 4'b1001
500 0x0A 4’1010
550 0x0B 4'b1011
600 0x0C 4’1100

Table 9.  Cable Drop Compensation.

IS &1t GND & At0l2 AT dlal M0l SHECE A0S &L 2ot
S2HOILF F&F cll=2al01E0] LOLIXl g&LICH

Gl Xl: CDCE 0VOll A 300mVE 21 (0x06)
PI_SLAVE_ADDRESS [W]:  0x30 (8'b1011 0000)

PI_Command: CDC Register (0x16)
Byte: 0x06 (4'b0110)
& ML 2E(0x0E)

InnoSwitch5-ProE H&0IOZ SAGI) MR H20l18 LEE
XA LEE T2 HYE £~ ASLICHL SFE =2 M2 IXIAE(0x98)
= CVO 20t 43t I ENMFE di=2dI01ddt= el DHR5 JIEE
(threshold)= £&&LICH $ot dFIF T2 0HUE MFE =utotH
=2 236t EtOIBI(L, )2t AIEELICE T3 2ot EFOIH(IXIAE 0x0ES
CVO EIOIH HIE[4:3])2 S&& 8ms, 16ms, 32ms L= 64msiLICH
I3 £8P0 Z2 YU E EIOIHE Z=1H5HH, CVO elIXIAH 0x0E HIE
[2:1]2 Sclf 0] D& = BIZ4sE RE-CIAEIE, Xl E £&=
2egoz SHOIES InnoSwitch5-ProE T2 st &= USLICH
I3 DHLSH CHSE D12 SE2 8ms EH0IHE QE-2|AEIEYLICH

HIEAH3HDO) SE2 &2, InnoSwitch5-Pro= & 2HM Al &
ARXIE €1 I L2222 e LICH 2l =, InnoSwitch5-Pro
o

T

ne rir & My
W > e
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A

Peak Load Timer Starts
After Load Exceeds CC
Threshold

)]
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©
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o

>

hed
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=Y

el

]

o

Y

0x98 Register

Load Current  Command

PI-8451-052118

Figure 16. Constant Voltage Only (CVO) Mode.

GI%:CVO R2E2 2436 DL, S 16ms2 AX5tD D&
£ 4|24 3/(D0)2 & E: (0xOF):

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)
PI_Command: CVO Register (0x0E)

Byte: 0xOF (8'b0000 1111)

SI| BRJ| JlEt N2 &L ALZ(SR-ZVS)

InnoSwitch5-Pro IC2| QR(FAF B&l) & LEU M= I°C BES Sof 2
XI= SR FETE AS0I0 1XS ARAXIQ M2 M2 ARES L&t
USLICH

SR-ZVS 250t 243IEH 2XS HESH= IR MSctot 23
2EZ Fot= AIES 26D SR-ZVS 2l XIAE(0x3E, bit [4:0] — SR-
ZVS 2 EIZ)0l =20 D12 S SR FETE E=2&LICH 0f Al2t
SOt Xet MF= 1XS0IA AL &3 H20 2ol 2EE £5E2 89
gsto 2 SH™ELICHL SR-ZVS & Ef0l 2ULH Xt HIUXIDE 1XHS
ARXIQ EdIQ) =E HIHAIEAS LESH| AIFELICH 0] ZA J[2I2
2XE AOI2 RS EUHDI &0l SR-ZVS HIXIAE(0x3E, bit [7:5] — SR-
ZVS XA AIRHE Soll Z2 U =~ JUSLICHL =d NH2 A9E
2FO0|l MELD| &0l SR HOIEIt HOIE JIE & (Threshold) DIEt 22
LTS T2 HUoH0F BHLICKL 2202 E XH0l LS #1D SR
HOIE &0| E=0| LHECX A2 ER 2X=E ARIE RFS
SHotL CHtolA=E WXt 8EE YXIGH| flol LE-2IAEIEELICH

Ct
=

0l
o

SR-ZVS 2 Bt R X4 T2 e g d'3S AFE6HY, SRZVS 2
EFZJ0ll CHEH ZF3E ~400ns! EHet SR-ZVS X1 AlZH2 ~350ns
2LICH

0l ZvS S%& S0l SR FETS € S&= fdotl) A9E 4= 20|
Ioff SR-ZVS AIXIAE(0x3E, bit [11] — &2] ALIE)0 1'b1S

S0l = M0l JHRE [ SR FETS 22 AREE =~ USLICH

Figure 17. Waveforms for SR-ZVS Mode of Operation.

Ol HI: SR-ZVS 2 & &4 3}

SR-ZVS 2 Ef2! = (SRZVS ON count + 1) * 85 ns = (6+1) * 85 ns =
~600ns (bit [4:0] = d'6 or 5’ 00110)

SR-ZVS X Al2F = (SRZVS Delay Count + 1) * 85 ns = (3+1) * 85 ns =
~350 ns (bit [7:5] = d'3 or 3'b 011)

SR-ZVS 2435t = 1'b1 (bit [10])
WP A9E 2435} = 1'b1 (bit [11])
PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)

PI_Command: SR-ZVS Register (0x3E)
Low Byte: 0x66 (8'b0110 0110)
High Byte: 0x0C (8'b0000 1100)

SR-ZVSE H|2td3slots S0 de| ARIAS HIZ2A36H0F QR(FAL &)
250 433U
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S 2 HE Al3A
QR(FAF &) S& 2E=0IAM SR-ZVS S& 2&
HEE M= ot =AE 2Es HS 2EELICL

QR(SAI 3&) 2E0IA SR-ZVS [EZ2| &g AIRA:

16050 &el ARES dslothl #2110 SR-ZVS 25 2 stefLICh

OlL Az

SR-ZVS & E12l = (6+1) * 85 ns = ~600ns (bit [4:0] = d'6)
SR-ZVS X|® A2+ = (3+1) * 85 ns = ~350 ns (bit [7:5] = d'3)
SR-ZVS &3} = 1'b1 (bit [10])

2| A9IE 245t = 1'b0 (bit [11])

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)

PI_Command: SR-ZVS Register (0x3E)
Low Byte: 0x66 (8'b0110 0110)
High Byte: 0x04 (8'b0000 0100)
200 gel ARIES 43S LICH

(GIDSIR

SR-ZVS & E12! = (6+1) * 85 ns = ~600ns (bit [4:0] = d'6)
SR-ZVS XI®1 A2+ = (3+1) * 85 ns = ~350 ns (bit [7:5] = d'3)
SR-ZVS &4} = 1'b1 (bit [10])

2o A9IE 245 = 11 (bit [11])

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)

HESIHLE O BHiHZ

SR-ZVS 2S0|A QR(SAH BE) LER9| AIRA:

1E0: 9N Wl AQAHS HIZAEIELICL

Ol Al

SR-ZVS 2 Ete) = (6+1) * 85 ns = ~600ns (bit [4:0] = d'6)
SR-ZVS XI21 Al2+ = (3+1) * 85 ns = ~350 ns (bit [7:5] = d'3)
SR-ZVS &4 3t = 1'b1 (bit [10])

| AQIE 2435 = 160 (bit [11])

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)

PI_Command: SR-ZVS Register (0x3E)
Low Byte: 0x66 (8'b0110 0110)
High Byte: 0x04 (8'b0000 0100)

2611 Of2) HIZE 4MO=Z SRZVS RES HIZASHELICH
Ol A:

SR-ZVS 2 Ee! = bit [4:0] = d'0

SR-ZVS XIQ A2+ = bit [7:5] = d"2

SR-ZVS 43} = 1'b0 (bit [10])

2| AQIE 245t = 1'b0 (bit [11])

PI_SLAVE_ADDRESS [W]:  0x30 (8’0011 0000)

PI_Command: SR-ZVS Register (0x3E)
Low Byte: 0x40 (8'b0100 0000)
High Byte: 0x00 (8'b0000 0000)

PI_Command: SR-ZVS Register (0x3E) SR-ZVS 2 EI0] d'09! B2, SR HOIE =208 AISIt & A ZVS |2t
Low Byte: 0x66 (8'b0110 0110) SOF BEEILICHL ZA XM AQIE QF0| & gElJl Z0ll SR HOIEI
High Byte: 0x0C (8'b0000 1100) HOIE J1Z= MeHThreshold) DGO 2 BHEE|E=2 T2 eHalGHOF SHLICH
power 2
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T2 Jtsst 25 NS

&3 Ng Y HEY ©3 J|EE(threshold)/1E S&

AXE CVOll et S S0l OV/UV JI1E & (threshold)S 2 1efYUs =~
RUS 0 OtLiet DEO0| MRS [ IR AE2H012 S&@. 8 -
D UXNAHE &80 =2 A, b. iiXl 2LE(LO), c. LE-2IAEIE(AR)
E= d 22 HI2A3HDO)T UV D& 2K EH0IZ(8ms, 16ms, 32ms,
64ms) L= e &= USLICEH InnoSwitch5-Prolil= UV ]_’é! /\I uv
EOIHE HIgHslol= 60| UY2M, 0] B MEISH EIOIN S

PAED XAZ ~80usE DHE = et XA %%%*LIE} g2
OfEE Z20HYE 2= N2 HYiEel &8 nE E‘IlIIﬁEioﬂ

IEElLlE

=4 HI243H(D0) 822 &<, InnoSwitch5-Pro= & 24 Al 2
HA ARIXIE @1 Il #4822 e|MELICL 2|4 £, InnoSwitch5-Pro
= I ME2t01el S =210 et CHE DE(VOUT OV AR S)E

e}

e o USLICH

OVA(0x92) : &2 J|1Z=H (Threshold)2t OV DA CHEt D
XIE5I242 0] =AM MO

K&t J|Z= = (threshold), UV EHOIDY, UV DO CHEH DA
XIHEHAD 0 A0 M|

PN=I= =]
og=2

UVA(0x94) :

SYs
Example: To change the absolute output undervoltage threshold 3 V
(d’30), fault response to Disable-Output (DO) and configure fault timer
to 64ms: (0OxBC9E with odd parity):

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)

PI_Command: UVA Register (0x94)
Low Byte: 0x9E (8'b1001 1110)
High Byte: 0xBC (8'b1011 1100)

IST 3 &8 32 et IR BS

InnoSwitch5-Pro IC= £ & dIAl HEHUIA 32 &2t DE 0|
LUMBH=X = IS-GND & AHUA 3l &Her DF0| L=
QUGS 2HE 4~ USLICKL

IS TS Sof MAlgl M=) T2 U M2 K leé.*(ThreshoId)
(ISSC BIXIAE 0xA29| HIE [6:4])2 ZD5IX LD AQIE =040}
T2 4 E JIFER(Threshold)(ISSC HIKIAE] 0xA29] HIE [3:2])
ZI5HE S DRO| LMSHICH AR FH4S 30120 kHz HI0A
HEHOE* 2 UABLICHL &l Ola SE X201 9 F=AFHAI SeAFHOF
HLICH
a. 22€, b. %X 2
45D0)Z SEGIES
x0| L2E0 049 qHEL| 2=

ISSC (0xA2): IS-GND TH2t0i| CHEt SXS XIH

T(LO), c. LE-2IAEFE(AR)
2242 & UsLIC
Z YXIAEDL JI=ZEUIC

45ted2 0l

=
i
40 AO1

Example: To set the behavior of an IS pin short to AR for switching
frequency exceeding 30 kHz and current limit threshold of d’48: (0x36):

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)
PI_Command: ISSC register (0xA2)
Byte: 0x36 (8'b0011 0110)

InnoSwitch5-Pro IC= IS & H&ol H0| I, ., & ~38H 014 =1totH

CCSC & ClIXIAE(READ 10 bit 2)E Z&gfLICL CCSC dIXIAEE

a. 22, b. X 2IE(LO) F= c. LE-2IAEIE(AR)| SES 2RE=

T2 )i 4 ASLICEL 28 HA AR 01F2] 23 HHAIHAI

100uFE = t5H= HZ2IAHI01E0IAM, CCSCOll thEt € SHHE
AEHEZE ?lo RS ﬁoi S0 ot ME HA AR 28l 01=

Ha SX 0| (12 D& SEO2 [l Z21IHYe 4 ASLICL

CCSC (0x20): £ =212 S0l et S&= NZoted® 0f =01 M.

Example: Set behavior of output short-circuit to No-response:

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)
PI_Command: CCSC Register (0x20)
Byte: 0x00 (2'b00)

CCSC el XNIAEE —?—%

Mu45101 A1

LE-CIAEED}

g HA A9IX) & .T’.Q 238

IS B Soff MAE MRIt 22U E J|1EE(Threshold)(VBUSSC
dIXIAE 0xB62| HIE [5:4])S =1t6t1) VBENOI HI& 435t Z2 &Y
BiA AR S DF0l £FELICHL D&ES Leldl doil €8E JIES
(Threshold)E Z=Mot= 8] ME (1, 2, 3, 4912 A= HE)E

T2 e4dot=s 8401 USLICH

PE}DIHC‘E} EEs

VBUS ASIX| SHH(VBUSSC)S a. 22E, b. 21Xl LI(LO), c. L&
2IAEIE(AR)2 SHEIEE T2 2iYst & ?A§L|E+ =R g gol
Ao dypEel 21 DE AXIAEI} JI=ELICH

VBUSSC 1EO0I E2IHEI® 2X=01 MOIE ZIIoH1LE VBEN 45t
S BUAM S = USLICH AHBE AT M DEO|
oM =l XI 24 LICH

fIXI=2 EH0IDI(0x26)

SIXIED EI0IN= IPC HHY =2 SIS 2S00 B0t i% ZTHELICH
Z2cHY Jtssh Al 28 LHOIl I°C B0l =AIZX 22H

InnoSwitch5-Pro IC= 2|4 &EfJt ELICH OtAEIE H t"UJH rcedg
(8171 E£= MI))S Al A | EFOINDF &S0HAl 2sLIChH
cIAl AEH0IM =

1. VBUS AXIJt HIE24stELIC(RE AR SELITH.
2. VOUT & M2 JI25VIIEEeZ I@%‘LIEL
3. 2= EE AdXNAEI AAELICH

HIXI*E-I 0x260i 0x00S M2 RIXIE1) EHOIHOt HIZESHELICE 0
JIsS HIZ43stotH CIHolIAS] =I] AZEQIN CIHY = HAE Al
EIHPOIﬁBI s SAM0 REE += USLICHL

Example: To disable the Watchdog timer:

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)
PI_Command: Watchdog Timer Register (0x26)
Byte: 0x00 (2'b00)

X8 VBUS AKXl &J| % £7((0x04)

VBENS RW%W(VBUS g AQX| ©)) =2 M HETE 245
SI5H ADC &4Z2! =010t W2tXILICH VBENO| BIEASIE 2R
VBUS ASIX| Z2l) CV AIXIAEI(0x10)2F CC AIXIAEI(0x98)0 CHEH M7

Y= 80msZLt = ~&e == SLICL

VBEN 2l XIAEI(0x04)01l 0x03(E4 THZIEID} X2 S 2t 0x83)2 Mot X
VBUS A<IXIJF €310 0] lXIAE0 0x00(= = HHEIEIJP HNZE gt 0x80)
= MH ALIXJF SEILICH VBUS ALIXIDF S UA2H(VBEN HI2tE 3t
AAEIO| D2 £33 M 84X TOIE 5V e|AIELICH £5 X& VBUS
ALIXE HIEAHE6IH 2E T2 02HY Jis HE XA J28iez
2|AELICH VBENO| BIZASHE HLE VDIS XA 453
InnoSwitch5-Pro ZIEE2{= 2|4l A WD ElLICH
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S O 28 2S0IAM AES2DL 24 ZED ZDI 20 2 20l
ACK = NACKIH =4IE 2H2 2 Dol M= o ELICH

InnoSwitch5-Pro ICHI= HA AIX QED AIAE 2|4l gis S8%
|0 ASLICH VBEN IXIAE(0x04)0l Ox01(2= WHEIEDE HEgE
a2t 0x01)2 M0 AAE 24l 8l0] ARIXIE GLICL 0] B, &8 HA
ARXDF el ALK 01F2 &3 A2 CV HIXIAEHUA OIFO|
PHE 2 AELICL 28 T2 020Y Jts ¥d dIARHE
JlEztez elMTXl 20 el Ol™o T2 &S RAILICHL

VBEN gIXIAEE E4d3stold HEIE VOUT & 22t & =4
Jls AlEol €8 & VDIS el XIAE0x08)IF AIS2 2 HIZd 2

S5} W
&=l

FELICH

Example: Enabling (Closing) the Series VBUS switch (0x83):

PI_SLAVE_ADDRESS [W]:  0x30 (8’b0011 0000)
PI_Command: VBEN Register (0x04)
Byte: 0x83 (8'b1000 0011)

AAES 2|A(0x00) 22 2E HA ARIXIE ED| I8t S 2UD| A0l
=2 d2(CV dIXIAE 0x10)= 5VE #&ots FE= 2EUles A0l
ESLICHL QE-CIAEE E= Xl QEIt LHGHH HA ALIXID
Bl2rdstel Xl 25Ut =2 dl283H(Disable-Output)2| 2R biA
AR HIZE3tE 1 AIAS0| J|2 2de2 clHELItL £ dgs
16V 212 =001 M0il VBEN &2 BU E HA AXIE 4HSHARX
EJ1)aH0F ELICH

Il AE2t0] B2 Z(0x8A)

I’C OtAHOI= IPC 2ES Sdll IR MSet0lE Il=
MNEC0IE CHAl AIEGHAS AC &3 AIOIZ2E0| 2 RELICH
Example: Turn-off the power supply:

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)

PI_Command: Turn-Off PSU Register (0x8A)
Byte: 0x01 (1'b1)
HE vI 93

J=H2 2 CV(0x10) X CC(0x98) HE0| 2= Z2 )8 £ MY/HF
HEE £ Jes U 5= 10msLICEL 2L =& WSS e VI g

AIXIAE(0x8C)0ll 0x1S £EGHH i =~ USLICH
Example: To disable speed limit for V/I commands:

PI_SLAVE_ADDRESS [W]:  0x30 (8’b0011 0000)
PI_Command: Fast VI Speed Register (0x8C)
Byte: 0x01 (1'b1)

&2 25| Yd JIs

InnoSwitch5-Pro IC= VB/D Zl2 112t2E2 JI4e VBUS =& &t
SME G ASLICHL EE 3|2 LBAol OfE2IH0IE 32 &0
EAIE VBUS £0iM VB/D B2 2 HAE X CI0|2E + MEHLICH
HEIE HEe I AR SAIE 20 &8 HISH LHOIA VB/D EI2Z22]
H=Z HIstoloF &tLICH

VDIS el XIAE(0x08)0ll 0x03(2== MCIEIDH HEE gt 0x83)= 4P
SOt A s 2435tg & USLICL VDIS dIXAEHSE 2435t6HH
VBEN 2l XIAE(0x04)0t AtS2 2 HIZA3tE 1D CIHH0IADL D12 &
cIAELICH

I’C OtAE = 2ItERIE Salf VOUT & M2 = & E0INE
SLIEHEGHH 0l & JIsS HIZ2dsE AD

ClHIOIA 2|40l BHE&oHAl 42 &&0llAl= VDIS el XIAE(0x08)01 0x02
£ MO 2|Hl IOl Rof A JsE E45tg £+ AUSLICL 0] EE=2

XIS elHohil s 2

[
Y
0x
ot
1
50

i
-
[w]

Example: Activate the Vout Bleeder:

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)
PI_Command: BLEEDER Register (0x86)
Byte: 0x01 (8'b0000 0001)

Example: Discharge the VBUS Output:

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)
PI_Command: VDIS Register (0x08)
Byte: 0x83 (8'b1000 0011)

I2C EgjEE £0(J| |8t XIS HIg4S XA JIsS0| A= HEIE VOUT
B gad

£ MAS 1-N 2018 & ZIENA LAEPD| 26 VOUT B2
28t 22l JIs8 &435t0l0F ot A=0] U2 = USLICH
InnoSwitch5-Pro ICOI= AtS HI&& 3 J1S0| /= BLEEDER 243}
=E0] Z&&0 UASLICH BLEEDER HIXIAE (0x86)0 0x032 M H Xt=
HIg&s Jlsit &M =2 J1s0| 2483HELICH VOUTIOPCT &=
VOUTAPCT &IXIAED XIRXH SEelCt IS 2 gl&AstELICH 0]
HE42 BLEEDER Y32l HIE [2]€ Soll Z2 1efYUE &= USLICH
VOUTI10PCT dIXIAHE &3 J0| A HIZ2dI01&8 &2l 10%E
ZotH AA™ELICH VOUTAPCT dIXIAEE &8 &M2H0] U4 ¢l=201&
TQo| 4%Z2 xtotH AFELICHL A= E2I0 Mo HHES Alsis| ®ofl
okst S2IHE 0x86=0xDx= &4 3Iol0F &LICH &8 MY 24 TZAA
SOFCV HY¥ Its HIZASt J1s01 A= A8 E2IE 243 A1
~1ms X[H0| Q= 2401 ESLICH

ZHES net M £4S 9| o BLEEDER dIXIAEE FAIZ
2 BIGHA 20tk B LICH

InnoSwitch5-Pro IC= 28t S2IHI 2431EH SR Es IHse2
HIZASIELICHL SelHIt 28 dMg2 =0l= U AHEE M 2<1F0]

Oll&t IRl 01 S LICH
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e s8¢ DCM &8
OHZ2IHI0IE0A Tf 2 DT SE0| RSt 220/ CHHIGH InnoSwitch5-  InnoSwitch5-Pro ICHIS 2X=0IA 1XIS0 29 AR ALOI2 RS
Pro ICOIE -0 =2 @gr e Al2IS SEsle @3 HIXIAEDL HIStato] 2IHE{D} BHal DCM(E0i% BE 2E)0A SEGIER ot
TEC0f USLICHL B HIXAE T4 L AR X2 Ot B0l Lt IS0l ZEE0f YUsLICh
AsLIC ) _ 3
I 5101 2API0IA A8 25D} LEHR! UHHOE BiLY 0|49 CCM_
AOI2S £9I5t1 13 FWD Bl S =9lLICh DCM &8 J|s
Default Recommended 24351012 0l Il3 M0l MBS0l SR FETO Dol Xl= AEEﬂAJr
Command for Speed Up =0 SLICH
Register Address o _ _
MSB LSB MSB LSB DCM ®E J|S2 I2C ¥AS Soff 245l/HI2E5tE & ASLICHL DCM
HE X AEI(OXBA)M 0x042 A8 0] JIS0| EAEHELICH
0x32 0x28 Ox1E 0x14 0X0A
Example: Enable DCM-only mode:
4 1 1F 4
03 0x18 0xC8 0x 0x8 PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)
PI_Command: DCM & & I XIAE(0xBA)
e 83 T2 A% 83 0129 S AHS5HR M0l By Byte: 0x04 (8'20000 0100)
ASLICH
JEQ 235t
AZE OZ21H0IH0 LREH H InnoSwitch5-Pro2l &= 322014
DEE FHFL(CV) RE 26101 WA AFFE 2 QUsLICL 0] Z

dIXIAES E43totH CV Sot0ll UM &2 A7 2|20l SHSLICL
OreHel & XA ¥ 482 CV RotE XIZol0F o= F<0iet
AHZ0HOF ELICH

Command Default Recommended
Register for CV Lod
Address
Address | with Odd MSB LSB MSB LSB
Parity
0x30 0xB0 0x00 Ox1F 0x0A 0x20

Begreions [=]
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SAHER!|(2ISH) AIRIAE

M ER| 20| HIXAE/(READI~READ7)= H 39
e 20U E*'almlEEI Dl ANLE FLE 2 9l
QY HERl FAS AE

AEE 22 = WA J‘I’—‘LI EES 0490 == 9}

D YXAE

A MY, 83 NF, N tﬁ'%’é.*(knee) M, MO(AE VBUS AU,
VOUT &l Scl, 2ot 4™ &) L 2= D& AEHE HIXEs 2= EE
HIXIAE = I2CE Saoll InnoSwitch5-Proll EHIHIER| JIsS
CHAl 212 == /USLICL

READ10 &2iifiEel dIXIABE =2tH0I0 £220|
KIAELICH

READ15(0x1E) 2 READ16(0x20) 2l X AENE RE-2IAEE, EHJ‘(I
QI = H|Z2HSH0fl CHSt D& AIXIAE IO ZEE UASLICH
0l AIXIAEI= BPS B0l M&S J|Z=&(Threshold) Of2i2 O (e
NIKELICH

AHZ 810

=S0H %= Mottt

Example: Read the Fault Telemetry Register to determine an auto-
restart occurred due to an output undervoltage (UV) Fault:

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)
Read Register: 0x80
Telemetry Register: 0x20

PI_SLAVE_ADDRESS [r]:
PI_Slave Response:

0x31 (8'b0011 0001)
Low Byte 8’0000 0000 (0x00)
High Byte 8’0000 0010 (0x02)

£ 2C ZYI(OMF)

InnoSwitch5-Pro ICE= 220 E2| &IXIAEl READ11(0x16)01IAl S
2=Z 2 08HLICH InnoSwitch5-ProJt CV, CP, CC & 01 2 =0l Al
SRGH=X BDEILICL QIEHBE OIATDL BH5IE 2R EX D)}
CV, CP, CC 2E a+o1| HAE DHOHCH QIR E DL LABHLICH AME2t0lo)
OMF AtEH= FAM AFEH S & Al 240{0F EFLICH

ole! 2i=d0l& DAC 2=

READ14 efI0iIER] dIXAHE Ol clZ220148 =201 st =010

8, AR & " = di2d018S MOLICH 0l dIXIAEDt
CVv &3 dIXIAE(0x10)2t S0t 2dE= 32 2E0M HSots
X&LICH READ14Jt CV £F ellXIAH(0x10)20 2o HHE=

8" H3E MY el AAE0x1A)2] gtoll et FMFR(CC) L= HAH

(CP) 2E0iIM HSots AdLICH

READ14 dIXIAES = &2 ChSDt 201 Hat
V ;= 5V + (MSB x 100 mV) — (LSB x 10 mV).

Example: READ14 (0x1C): MSB = 0x00, LSB = Ox0E
LSB is d'14 so the computed V,; = 5— (14 x 10 mV) = 4.86 V

ELICH

Fault Occurs

SCL Pin Pull-Down
to Signal Fault
Occured
SCL

[¢— 50 us —»

SDA

PI-8454-021624

Figure 18. Interrupt Mask During Idle I?C.

Fault Occurs

—) ~22 s (—

HHH 1 SCL Pin Pull-

Down to Signal
Fault Occured

<«— 50 s —>

SDA

PI-8455-092517

Figure 19. Interrupt Mask During Active I2C Transaction.

power

|ntegrot|ons
WWW.power.com

Rev. D 12/24



http://www.power.com
http://www.power.com

InnoSwitch5-Pro

SCL EIg S8t 1F A3 2IHYE
D& 2DE HAEGD| fAoh PC R5 AEH S(SDA L SCL E10| 2 High
b 2 A2) SCL W= MHEIS QIE-E 2D IS0l AN AsLICH

DEO| LA SCL 22 TS S JHAl =2 S otUoIA =SELICH

=}

1. SCLEO| & 20l A0 15 #X) DRO| X &= ZAl DE
OIE{E D} LMBILICH 0 QEES SCL BIS 50us SO ZC125
LIS CHAl HI AEH2 S24 S3LICh

2. SCL EIO| AFR ZO|BH(UEIE I2C ESHBM)(IE 16 2X) D&
OIEMES PC EMMMA0| 22E MNIX JITHACIH ~22us SO
J|CH2I D 50ps(El4A) SO SCL 21012 B8 [+S HI A2 S22
=&LCH

QIEEE OtAT M| AIXIAE(Ox20)E 2F 0& ZA0A 24 3HE 010k
SLICHL J8 192 EXoHAIL. 012 Soll 0 J
DEO| LG CIHEED elAlElDd, SCL 21
UAs EF DES CHAl 2-3t6H0F LICH

M =

02 N

QIHEE OtA3 D1 ellXIAE(0x22)= LIHEED ECIHE M =22
KAXIX 22M QIHSE DA MD| HIXIAEHD CHAl 28 3HE [HE
CIMELICHL ZHEES 21 QHEE HIE [6]2 2X= AESIH 1
A=e| HEMI0ITE JICtel2 ASS LIEHHLICH 0 AIAE
DY Qo 1K= MZ RO2 L= 2 il NEY/E 2241t
22 0IBIEDL Zaligt 4= ASLICH

0
=
]

114

E OtA3 g4tz dE & 82 SCL
AIZLICH

[l
2k
O
10
0l0

il

A
e
o

re
o
o
Im
=
on
un
T
0z

o
Ao

W
T

o @O 1 op

o C R
tor 1

JY
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o
0x

8E 0tA3 243tz RdE 2 D&
2o QIHEE ds & s
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INTERRUPT MASK REGISTER

(=)}

© C =1 =}

g S g g & 3 2 e 3z 3
25 O =3 og <& 7 o = 5
O9 wg £S5 IH =y = 2L 2 =
£8 82 535 £y € &= 55 & 8
o= SB Own S S 2 [eX% S S LSB
B8 B7 B6 B5 B4 B3 B2 B1 BO

8 7 6 5 4 3 2 1 0

PI-8456b-061021

Figure 20. Interrupt Mask Register.

Example: Set the Interrupt Write Register to flag SCL pin fault for
output OV, UV or short-circuit only:

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)

PI_Command: INTM Register (0x2C)
Byte: 0x07 (8'b0000 0111)
&3 dg &3

VOUT Zo| &Mgt2 ZetiEel ellXIAEH READY (0x12)0IA AtEE ==
USLICH 0] LHERl XA 3 2Xt= 3~30Ve EX
diZ2cllolE HRAA £3%LICH ~50mA 0182 £56HIA &5 H20|
5V 0|gHel A AHEHS ARIE =Dt I ZOtM XIEE 518 21t
LHOIA &0l BisE 4= ASLICL 01H2 FatHel SHLICK

=Y M C|ZEYME 12HIE 40X oSS E 100 20| =
e S0 Ttet CHELICH 0] 2itER] eXIABE HEAIE0I0, 3¢
AR ZES0IA VOUT B2 CV ellXIAE(0x10) MEUHA =2f& CV XD
I XIAE(0x10)01l [t DHS SASHN ZEELICH

al

£2 M0 2 2ATEY S5 A8 2I|s CHSD 2SLICH
Output Voltage Range (V) RsetSeT,lt;ithn

3 4 20 mV

4 8 40 mv

8 16 80 mv

16 32 160 mv

Table 10. Output Voltage Report Back Resolution.

Example: If the READ 9 read-back register value is 0xA801 recalling
that low byte precedes the high byte, the proper hex to decimal
conversion would be from 0x01A8 = 424 in decimal.

T =2 HY HRAUA CIZEHZ 10mVE Soll &Hl &2 dge=z
HEOHOF SLICE Ol BIoIA= &5 A0l 4.24V0t ELICH

2& 8| dIXIAES DIEDIZ £ 8 &8 EQIE READ1(0x02)2
c|EE &9 HIOIELCH 6t HIOIER X EOELICH
&2 an 53

2ot 52 WR

2etEel ARAHUNME AHEE = USLICH

220Eel elIXIAE READ8(0x10)0= =2t S&E & £ Fot A=
GIOIEDE 2t ELICHL £6t 87 = InnoSwitch5-Pro2] IS-GND &l ALO|0fl
HZE M MEoll 2ol Z2OHYE 2 ANY FAR diZdold

JIEEO M2t AHEOR 012 JHSELIC
ADC R 22/= 192010, 0= &3 Al HEo| 100% JIEH
(threshold)S LIEFLICE.

Example: If a 10 mQ sense resistor is used and the read-back register
is 0x8040.

22| BIOIEOIA 22 TH2IEl HIEE MG 0x402
ZLICkL

&E=Z 640t

el 82 gt = N(& & =) x 0.167/Ry, o,

64 x 0.167/10 = 1.068A. 0|22 S& & =& HFatLIC:

(0.167mV = 32mV/192, 0{JIAM 32mV = I ., 0110 192= ADC & Xl
HAYLICH.

-

SV(TH)

READ12 & READ13= 2t =3
£2 BoLUICL 0l B2 dIXIAH
READ9)Z2 Lt &+EHOIXI2H OHS 3tot

o

5 % £ dY 1691 82
2t IXIAE{(READS &
of2t O 2cif ZELICH

ZZ BUS ARIXIDF el Olefet elXAIAHES XKL gt EFOI
FHCI| AIFE TN 022 2/ ELICH READ 12 & READ 132
ofs2 22f READ8 & READ 9%t S2&LICH

=9 8 ¥ 87 =F dIXNAHE= 100usO0CH HOI0IEELICLH

0

n
W

=]

=
o
=

&

M

rr

G

=
o
Y

A

.
]

power
integrations
Www.power.com

Rev. D 12/24


http://www.power.com
http://www.power.com

InnoSwitch5-Pro

24 2ol e £

InnoSwitch5-Pro ICE 1XE AQIX| ME AIZ2tDF 2XIE A9
A2J]) & AlZt2 E16t=0, Ol= Volt-sec 78 YA A0
23 M2 FHote O ALSE == QUSLICH TONOI2t &
ALIX & Al2H2 READ21(0x2A)0 £ 1% TOFF2tl) ©
A2IXI(SR) ®E Al2t2 READ22(0x2C)0Il £ DELICH

2eiEClE HE clXIAE 0x1COl 0x01= WAl ctQl dial 2t- st
HAHO| MSE [HEH JOIOIEELICH BAO0|I HMEE S InnoSwitch5-Pro
IC= 1691 82 5% gt2Z TON & TOFF 220 EeIE 0I0IE6L]
crel dlal 23 EH| Zei= READLO dIXIAH BIE [12]01 £FELICH
g2 TON ¥ TOFFE =0t gt= 1622 LI=0{0F & LICH 2HI
MeES xIAME6| fIoh TON2E TOFFS EellliEel= ctel dial gdst
HHO0| MESE e JOloIEELICH

T
>
pal

(32

atol
X

x

t
1x
2X

rir
T e

t

rr

Example: Read the TON and TOFF telemetry:

ool Mial 285 HH
PI_SLAVE_ADDRESS [W]:
PI_Command:

Byte:

0x30 (8’b0011 0000)
Line Sense Register (0x1C)
0x01 (8'b0000 0001)

crol dla B =4 Eef 1 801

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)

Read Register: 0x80

Telemetry Register: 0x14

PI_SLAVE_ADDRESS [r]: 0x31 (8'b0011 0001)

PI_Slave Response: Low Byte 8’b0000 0000 (0x00)
High Byte 8’'b0101 0000 (0x50)

TON 2 TOFF 22l E2] X AE &4D]

PI_SLAVE_ADDRESS [W]:  0x30 (8'b0011 0000)

Read Register: 0x80

Telemetry Register: 0x2A

PI_SLAVE_ADDRESS []: 0x31 (8’'b0011 0001)

PI_Slave Response: Low Byte 8'b0010 1110 (0x2E)
High Byte 8'b0000 0110 (0x06)

PI_SLAVE_ADDRESS [W]:
Read Register:

Telemetry Register:
PI_SLAVE_ADDRESS [r]:
PI_Slave Response:

0x30 (8'b0011 0000)

0x80

0x2C

0x31 (8'b0011 0001)

Low Byte 8'b1111 0010 (0xF2)
High Byte 8’60000 0011 (0x03)

X Al
Soo=

TONZt TOFFS B &ot0od etel elsd &gt

25U

o
i

gat

rr

CtS

o

N
VIN = N_Z X (VOUT + Vossry) X %

Example: At 100 V input and 30 V output, using TON, TOFF and
average VOUT telemetry reported to estimate the input line voltage

Method 1: Directly using the 16-sample accumulated values (more
accurate)

N,=25T;N;=5T
B3 VOUT, READ13 (Ox1A) = h'0X0BIC E= d'2972 (29.72V)

1601 &= == TON JI2E, READ21 = h'0x062E £i= d'1582
1601 &2 =& TOFF Jt2E&, READ22 = h'0x03F2 £= d'1010

1010
1518

VIN=25—5><30V>< -99.8V

Note: For TON count telemetry value, 4x16 = d'64 needs to be
subtracted to account for the delays in the system

Method 2: By converting the reported count values into time.
16&+5 10& 2 P&

READ21: 0x062E(16&! =) d'1582(10& =)=

TON, . = 1582/16 * 85 ns = 8.4 uS

READ22: 0x03F2(16 & ==)E d'1010(10& =~) 2

TOFF,

AVG

= 1010/16 * 85 ns = 5.36 uS

Note: TON, . includes extra delay of 250 ~350 ns which needs to be
subtracted to account for the delays in the system.

TON TOFF

Figure 21. Measurement of TON Time and TOFF Time.

370

w
5
o

w
-
o

== Ideal
e==20% Load
w===30% Load
===50% Load
===90% Load

Measured Line Input Voltage (V)
N
w1
o

100 130 160 190 220 250 280 310 340 370
Estimated Input Line Voltage (V)

Figure 22. Accuracy of Input Line Voltage Measurement.

370

340

w
—-
o

== Ideal
e—=20% Load
e 30% Load
w===50% Load
===90% Load

Measured Line Input Voltage (V)
N
w1
o

100 130 160 190 220 250 280 310 340 370
Estimated Input Line Voltage (V)

Figure 23. Accuracy of Input Line Voltage Measurement Centered.
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chol dlAl Ds2l HE88 foiMe ARE0 AE
M J[2t0] 2 QREHLICH Volt-sec & gA& A0 L
DU AU=X0 TetA T SetELICH BE6HA A
=71& 0610 ON/OFF AI2H0] =& & AIZHOl DIFE
Jlsol HeEIF WOJRILICH SRO| HIZHASIE AR 0
SLICH

=
m
[ =]

o
=

Q'E

=

-
m
=}

oY H0
0l 40 ot o

o
Mo =

SR &8& J|12t0| e = B S
LlERIE HA0 HE AFSotH H=E

It A= TOFF LtetOIE0 E&ots 2101 ESLICH AN 28
H==E AHESHH Ol&EQl 2iolS SACZ 4SS 0l

OS eafAlZ &= ASLICL

SRZVS S& 29| A2, ctol dial 43t HES Adoh| M0l SRZVS
SAS zIHSIoH0F §LICH =, SRZVS & Bt SRZVS XIS AlRMS

b
2= il MY FH0 AFZ2El= Volt-sec =& A0 RE=ES
ZHELICHL QR S 2E0 AH2&l= Volt-sec 28 LEAIZ SRZVS
S& 20l 0i&0l sE8LICL

—_

Example: At 200 V input and 30 V output, using TON, TOFF and average
VOUT telemetry reported to estimate the input line voltage

Method 1: Directly using the 16-sample accumulated value (more

accurate)

N,=25T;N,=5T

&z VOUT, READ13 (0x1A) = h'0x0B9A L= d'2970 (29.70V)
1601 8= & TON I}2E, READ21 = h'0x03A3 £= d931

1601 &2 == TOFF Jt2E, READ22 = h'0x0465 L= d'1125

VIN = N— X (VOUT + Vbssgy) X %
_25 1125 _
VIN =2 x30V x g2 = 194.64 V

Note: For TON count telemetry value, 4 x 16 = d'64 is subtracted to
account for the delays in the system.

2ol ECH(End of Line) WH

InnoSwitch5-Pro= £ &3 518 Xt 852 S&AID1D] SloH
OHS2IHIOIES] 2 CIHIOIAO THEH CIBIOIA QIAIC| HGIE SENoZ
FAag £+ Uz el S WE JIs2 ME&LICH InnoSwitch5-Pro=
READ23 HIXIAEHMNA HAE S0l S™E QIAC| HYHERIS
MSELICL 0] A2 HNMF 22014 JIEE(Threshold)2 &&6H=
CC YIXIAE(0x18)0 &S DO CIGHHL & 2= ASLICH

Example: If READ23 telemetry data is 0x0004. The least significant 4
bits are 4°b0100.

210l S WA AMER| = 4b0100(2F +) L= d'4(10X =~
M 2014 QEA HIE [2:0] = 3100 E= d4(10X =
QOA 85 HIE [3] = 10, 2%+ 20/

CC cli2cllol® 2=(0x18)
= M 240l &= CC CODE + cte! St wd

I}

2A01 CHEF CC dlZ2ellol® DEDL d'64ctPH(etel B nd @

OZ CIHIOIADE ndEE Z2), 0l F30 et CC diZdIolE 2=
d'64 + d4 = d'680| £/ '0' LEAO| HE2E 25U =Y &
I, B3 2t HS2Z QI8 38 2Xts &&6

EXts HE2A01E ZHA M2 2TAel 2= AE06t CC
diZdold 2ES WEGH =& U3 ool S nE 2elEelS
AFEGSH0! CIHHOIA QTAE CIoHHLE e JSLICH RS HIEDL
2012 2IAS CC 201 20 LELICH £= HIED:
S0/ QEAS CC 20l ZE0M LICH
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Figure 24. I2C Waveforms for Setting Output Voltage to 8 V.
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Figure 25. I*C Waveforms for Writing Address of Fault Register READ11 in Read Register (READO) in Order to Read Back READ11.
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Figure 26. I°C Waveforms for Read Value From READ11 Register.
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Flyback Section
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Figure 27. Schematic of 140 W USB PD Power Supply using INN5477F InnoSwitch5-Pro.
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Figure 28. Fast AC Reset Configuration.
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Figure 29. Unacceptable FORWARD Pin Waveform After Handshake with SR
Switch Conduction During Flyback Cycle.
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Figure 30. Acceptable FORWARD Pin Waveform After Handshake with SR Switch
Conduction During Flyback Cycle.
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Figure 31. Unacceptable FORWARD Pin Waveform Before Handshake with Body
Diode Conduction During Flyback Cycle
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Figure 32. Acceptable FORWARD Pin Waveform Before Handshake with Body
Diode Conduction During Flyback Cycle.
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20V/3A 7 mQ
28 V / 3 A and above 3 mQ or lower
Table 12. Recommended SR FET R for Different Designs.
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Layout Example

Keep IS-GND pin decoupling

capacitor close to the Place FORWARD pin Place V pin Sense resistors close to

InnoSwitch5-Pro IC Keep BPP and BPS ; ;
capacitors near the IC resistor near the IC the InnoSwitch5-Pro IC
[

4 ¥/ PLATED SLOTS Maximize source area

for good heat sinking

[F . : i M - : ! To increase ESD immunity and meet
: —— isolation requirements, no traces are
routed beneath the IC

Keep loop area involving
5\2]\ InnoSwitch5-Pro Drain — RCD clamp
' small

Keep output SR FET and
output filter capacitor
loop short

6.2 mm Spark Gap for ESD

PCB Bottom Layer

PI-9788-120224

Figure 33. PCB Layout Recommendation — Bottom Layer.

4 X PLATED SLOTS

Place high-voltage ceramic capacitor
near the InnoSwitch5-Pro and
primary winding to tighten the
primary switching loop.

DER-1015 Rev C
2338

odsons
mesTieneT s/

PI-9788a-120224

PCB Top Layer

Figure 34. PCB Layout Recommendation — Top Layer.
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(b) Borderline Continuous/Discontinuous, K, = 1

PI-2587-103114

Figure 35. Continuous Conduction Mode Current Waveform K, < 1. SR-ZVS Mode will Automatically be Disabled for CCM Cycles.
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Figure 36. Discontinuous Conduction Mode Current Waveform at High-Line, K, >1. SR-ZVS On and Delay Times are Included in the Primary Off Duration.
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ry ry 750V = VMAX(NON-REPETITIVE)
Safe Surge Voltage Typical margin (150 V)
Region (SSVR) gives de-rating of >80%
X 650 V = Vyaxcontivuous)
v
A
j, Vam
A v
Vor
v 380 VDC
A
Vays o=
\4
Primary Switch Voltage Stress (INN5x7xF) PI-8769n-121824
yy yy 900 V' = Viax(NoN-REPETITIVE)
Safe Surge Voltage Typical margin (180 V)
Region (SSVR) gives de-rating of >80%
A4 725V = VyaxconTinuous)
v
A
3 Vam
y &
VOR
v 380 VDC
A
VBUS _-
v
Primary Switch Voltage Stress (INN5x96F) PI-8769m-121824
Figure 37. Peak Drain Voltage for 264 VAC Input Voltage.
oolls & JIX QD ASLICH I =2 =21 M=20| AL JA H 4= 2582 ds= fle detFel Y EHAAE 2EHSELIGH
Foltt 28 222H VS TAAHOF SLICHL 28 &0] 15VE
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12V 80-120
15V 100-135
20V 120-160
28V 135-180

Table 14.  Recommended V, for Optimal Performance.
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[ YOOI 21°C/W! 2. 0.36BH0IXI(232mm2) 22A(610g/m2) SBHH|
INN5x77F 3. 1.0EZOIX|(645mm2) 22 A(610g/m2) ST =H,
(0 YR 55°C/W?, 51°C/W?
0 YOOI 16°C/ W
INN5x96F
(0 R 71°C/W?, 66°C/W?
[ YOOI 25°C/ W
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Conditions
SOURCE =0V . .
Parameter Symbol T, = -40 °C to 125 °C Min Typ Max Units
(Unless Otherwise Specified)
Control Functions
Start-Up Switching ., T, =25°C 25 27 KHz
Frequency
Jitter Modulation T, =25°C,
Frequency fi f,, = 100 kHz 1.25 kHz
Maximum On-Time o T,=25°C 16.5 us
VB_PP = Vg + _0.1_V
I, (Switch not Switching) 300 460 pA
T,=25°C
INN5375F 3.2 3.7
INN5376F 4.29 5.15
INN5377F 4, Nl
BPP Supply Current V. =V 4+01V >3 3 >16
BPP BPP '
(Switch Switching INN5396F 4.38 5.27
L, t 180 kH mA
a 2) INN5475F 2.96 3.55
T,=25°C
INN5476F 4.2 5.04
INN5477F 4.29 5.15
INN5496F 4.36 5.25
Teus Ve, =0V, T, =25°C -1.35
BPP Pin Charge Current mA
I Ve, =4V, T, =25°C -4.65
BPP Pin Voltage Ve T,=25°C 4.8 5.00 5.16 v
BPP Pin Voltage Coro
Hysteresis Ve T,=25°C 0.5 \Y
I..=2mA
BPP Shunt Voltage Voot 1@;*’: 55 oC 5.16 5.36 5.7 v
UV/OV Pin Brown-In _
Threshold L., T,=25°C 23.1 25.2 27.5 pA
UV/OV Pin Brown-Out ko
Threshold L. T,=25°C 20.5 23 25 LA
Brown-Out Delay Time ty. T,=25°C 35 ms
UV/OV Pin Line Coro
Overvoltage Threshold Tov. T=2°C 106 115 118 HA
UV/OV Pin Line _ o
Overvoltage Hysteresis Toven T,=25°C 8 HA
UV/OV Pin Line
Overvoltage Recovery Iy T,=25°C 100 107 pA
Threshold
Line Fault Protection
VOLTAGE Pin Line T = 25 0C
Overvoltage Deglitch tovs See Note B 3 us

Filter
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Conditions
SOURCE =0V . .
Parameter Symbol T, = -40 °C to 125 °C Min Typ Max Units
(Unless Otherwise Specified)
Circuit Protection
di/dt = 500 mA/us
T, = 25 °C INN5375F 2139 2300 2461
di/dt = 660 mA/us
T, = 25°C INN5376F 2697 2900 3103
di/dt = 770 mA/us
T, = 25 °C INN5377F 3162 3400 3638
di/dt = 660 mA/us
Standard Current Limit Lo T,=25°C INN5396F 2705 2500 3105
(BPP) Capacitor = (Switching . mA
0.47 .F at 100 khz) |~ di/dt = 1300 mA/ys INN5475F 3534 3800 4066
T,=25°C
di/dt = 1600 mA/us
T, = 25°C INN5476F 3906 4200 4494
di/dt = 1700 mA/us
T, =25 °C INN5477F 4278 4600 4922
di/dt = 1600 mA/us
T, = 25°C INN5496F 3920 4200 4495
di/dt = 500 mA/us
T, =25 °C INN5375F 2374 2580 2786
di/dt = 660 mA/us
T, = 25°C INN5376F 2990 3250 3510
di/dt = 770 mA/us
T, =25 °C INN5377F 3505 3810 4115
di/dt = 660 mA/us
Increased Current Limit T,=25°C INN5396F 3005 3250 3510
(BPP) Capacitor = (Switching ] mA
4.7 \F at 100 kHz) | di/dt = 1300 mA/us INN5475F 3919 4260 4601
T,=25°C
di/dt = 1600 mA/us
T, = 25°C INN5476F 4324 4700 5076
di/dt = 1700 mA/us
T, =25 °C INN5477F 4738 5150 5562
di/dt = 1600 mA/us
T, = 25°C INN5496F 4350 4.7 5077
Overload Detection Fou T,=25°C 148 155 161 kHz
Frequency
BYPASS Pin Latching
Shutdown Threshold I, T,=25°C 6.0 7.5 mA
Current
Auto-Restart On-Time t T,=25°C 82 ms
- i - o
Au_to I_!estart Trigger t T,=25°C 1.3 sec
Skip Time AR(SK) See Note A
Auto-Restart Off-Time s T,=25°C 2.00 sec
Short Auto-Restart
Off-Time [V T,=25°C 0.20 sec
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InnoSwitch5-Pro

Conditions
SOURCE =0V . .
Parameter Symbol T, = -40 °C to 125 °C Min Typ Max Units
(Unless Otherwise Specified)
Output
INN5375F T,=25°C 0.29 0.39
b = Lira T, = 100 °C 0.41 0.54
INN5376F T,=25°C 0.18 0.28
b = Lira T, = 100 °C 0.27 0.37
INN5377F T,=25°C 0.145 0.21
b = Lira T, = 100 °C 0.23 0.29
INN5396F T,=25°C 0.21 0.33
b = Lira T, = 100 °C 0.32 0.44
ON-State Resistance Rosiony Q
—_ [e]
INN5475F T,=25°C 0.29 0.39
b = Lira T, = 100 °C 0.41 0.54
INN5476F T,=25°C 0.18 0.28
b = Lira T, = 100 °C 0.27 0.37
INN5477F T,=25°C 0.145 0.21
L =L wra TJ =100 °C 0.23 0.29
INN5496F T,=25°C 0.21 0.33
L =L wra TJ =100 °C 0.32 0.44
Vgep = Vgpp + 0.1V
Less Vs = 80% Peak Drain Voltage 200 pA
OFF-State Drain T,=125°C
Leakage Current Vypp = Vi + 0.1V
L, V=325V 15 WA
T,=25°C
Drain Supply Voltage See Note B 30 \Y
Thermal Shutdown T See Note A 135 142 150 °C
Thermal Shutdown o
Hysteresis Teom See Note A 70 C
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InnoSwitch5-Pro

Conditions
SOURCE =0V . .
Parameter Symbol T, = -40 °C to 125 °C Min Typ Max Units
(Unless Otherwise Specified)
Secondary
Maximum Secondary f T, =25°C 164 180 kHz
Frequency SREQ J
Minimum Off-time oo Ciono = 5 NF with SR enabled 1.9 2.2 us
Start-Up VOUT Pin
Regulation Voltage VOUT . T,=25°C 4.85 5 5.15 v
Output Voltage Vourwy Default =5V 3.00 30 Vv
Programming Range Tolerance
TOL 047 T, = 25°C -3 +3 %
Output Voltage _
Step Size AV, T,=25°C 10 mwW
Report-Back Output _
Voltage Tolerance Vourm T,=25°C 3 +3 %
0.6-1.0 5 +5
Normalized Output I T, = 25°C, See Note C o
Current out 0.2 °
' -15 +15
T, =25 °C, See Note C
Normalized Output oo o
Current Step Size Aloyr T,=25 0.52 ho
ﬁ::;:;u:a ¥¢a/ I t, See Note B 10 ms
Minimum Time Delay
Between I2C Commands Coerar See Note B 150 us
. T,=25°C
J
Internal Current Limit I Across External IS to GND Pin Resistor 32 mV
Voltage Threshold SV(TH)
See Note F
Cable Drop T = 250C
Compensation (CDC) Do De%a_ult —ovV 0 600 mv
Programming Range B
CDC = 100 mV
CDC Tolerance TOLo, T, = 25 °C -35 +35 mv
CDC Programmin
Step Sie 9 Ag, T,=25°C 50 mv
Output Overvoltage v Default = 6.2 V 3.3 40 v
Programming Range OVA
Output Overvoltage ToL T = 250C 3 +3 %
Tolerance OVA J
Output Overvoltage
Programming Step Size Vo 100 mv
Output Undervoltage v Default = 3.6 V 2.7 40 v
Programming Range UVA
Output Undervoltage ToL T = 250C 3 +3 %
Tolerance UVA J

oower

integrations
Www.power.com

Rev. D 12/24


http://www.power.com
http://www.power.com

InnoSwitch5-Pro

Conditions
SOURCE =0V . .
Parameter Symbol T, = -40 °C to 125 °C Min Typ Max Units

(Unless Otherwise Specified)

Secondary (cont.)

Output Undervoltage

Programming Step Size Wi 100 mv
Programming Option 1 8
Output Undervoltage T =5 0c Programming Option 2 16
T|m_e r Programming fon SeeJNotes B, E Programming Option 3 32 ms
Options
Default Programming 64
Option 4

Constant Output Power
Onset Threshold Ve Default =30V 5.3 30 \Y
Programming Range

Constant Output Power

TOLP At 85% of Full Scale Current -10 +10 %
Tolerance out

Constant Output Power
Onset Threshold AV, 100 mvV
Programming Step Size

Programming Option 1 8
Constant Voltage Mode T,=25°C Programming Option 2 16
Timer Programming teo See Notes B, E ms
Options Programming Option 3 32
Programming Option 4 64
Default Programming Option 1 0.5
See Note B ’
Watchdog Timer tor sec
Programming Option 2, See Note B 1
Programming Option 3, See Note B 2
VB/D Drive Voltage Vigo With Respect to VOUT Pin 4 7 \
VB/D Pin Internal
Current Discharge Toros) >0 mA
Programming Option 1 40
Secondary See Note B
Over-Temperature Teecs) °C
Hysteresis Programming Option 2 60
See Note B
VOUT Pin Bleeder IVO VOUT =5V 270 mA
Current BLD
Voir =5V, 10mA<I, . <40 mA,
T, = 25 °C, See Note 5 in Absolute Maximum 3.42 3.6 3.78
Ratings Table
uVCC Supply Voltage uvCccC \"
Vour 239V
Liyc<10mA 342 3.6 3.78
T,=25°C
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Conditions
SOURCE =0V . .
Parameter Symbol T, = -40 °C to 125 °C Min Typ Max Units
(Unless Otherwise Specified)
Secondary (cont.)
uVCC Pin Output oo
Resistance Ruvee T,=25°C 20 Q
uVCC Reset Voltage
Threshold uvCCpq, See Note A 2.5 2.65 \Y
BPS Pin Voltage Veps 4.3 4.5 v
T,=25°C
VBUS Switch Open 0.7 0.980
BPS Pin Current Lo mA
T, =25°C 1 1.550
VBUS Switch Closed '
. Fow = 180 kHz
BPS Pin Current I, T = 25°C 7 8.2 9.5 mA
BPS Pin Undervoltage
Threshold VBPS(UVLO)TH 38 40 V
BPS Pin Undervoltage
Hysteresis Versiowon 0.7 v
FORWARD Pin
Breakdown Voltage BVeun 150 v
Synchronous Rectifier @ T, = 25 °C
SR Pin Drive Voltage Ve 4.5 v
SR Pin Voltage
Threshold Vereriy 3 mv
T,=25°C
Rise Time teen) Cionp = 2nF 10-90% 50 ns
See Note B
T,=25°C
Fall Time tcr) Cionp = 2nF 90-10% 30 ns
See Note B
T,=25°C
- )
Output Pull-Up R Vo, +01V 8.9 1.5
Resistance PU 8PS
I, =30mA
T,=25°C
- )
OutPut Pull-Down R Vo 402V 47 5
Resistance PD BPS
I, =30mA
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Conditions
SOURCE =0V . .
Parameter Symbol T, = -40 °C to 125 °C Min Typ Max Units
(Unless Otherwise Specified)
I2C Bus Specifications (SDA and SCL Pins) *See Note B
SCL Clock Frequency fool See Note G 50 400 535 kHz
Low-level Input Voltage v -0.5 0.3 v
P 9 L ' uvee
. 0.7 x uVCC +
High-level Input Voltage \ WCe 0.5V \"
Hysteresis of Schmitt v 0.05 x Vv
Trigger Inputs HYS uVvCC
Low-Level Output
Voltage (Open Drain or V UVC(.: >2.8V 0 0.4 \"
oL 3 mA Sink Current
Collector)
Low-level Output
Current Tou 3 mA
SUtPUt Fall-Time from tor Bus Capacitance from 10 pF to 400 pF - 250 ns
IH(MIN) to vlL(MAX)

SDA/SCL Input Current I (0.1 x uVCC) < (Vg /Vgpa) < (0.9 x uVCC) -1 1 pA
SDA/SCL Capacitance C, - 10 pF
Pulse Width of Spike
Suppressed by Input te, 50 ns
Filter
High Period for SCL Clock ten f. = 400 kHz 0.6 us
Low Period for SCL Clock tow fo = 400 kHz 1.3 us
Serial Data Set-up Time toy.onr 100 ns
Serial Data Hold time toor 0 sec
Valid Data Time ty:0ar SCL Low to SDA Output Valid 0.9 us
Valid Data Time for ACK tyoack ACK from SCL Low to SDA Low 0.9 us
I2C Bus Free Time £ 1.3 s
Between Start and Stop BUF ’ s
I2C Fall Time
(Both SCL and SDA) bt 300 ns
I2C Rise Time
(Both SCL and SDA) ta 300 ns
I2C Start or Repeated
Start Condition Set-up toyma 0.6 us
Time
I2C Start or Repeated
Start Condition Hold o 0.6 us
Time
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InnoSwitch5-Pro

Conditions
SOURCE =0V . .
Parameter Symbol T, = -40 °C to 125 °C Min Typ Max Units
(Unless Otherwise Specified)
I2C Bus Specifications (SDA and SCL Pins) *See Note B

I2C Stop Condition
Set-up Time Yusro 0.6 Hs
Capacitive Load C 400 pF
Noise Margin at the v 0.1 x v
Low Level N uVvCC
Noise Margin at the v 0.1 x v
High Level NH uVvCC
SCL Pin Interrupt Timer sy T,=25°C 50 us

A. This parameter is derived from characterization.

B. This parameter is guaranteed by design.

C. Use 1% tolerance resistor.

D. To ensure correct current limit it is recommended that nominal 0.47 uF / 4.7 uF capacitors are used. In addition, the BPP capacitor value
tolerance should be equal or better than indicated below across the ambient temperature range of the target application. The minimum and
maximum capacitor values are guaranteed by characterization.

Nominal BPP Pin BPP Capacitor Value Tolerance

Capacitor Value Minimum Maximum
0.47 uF -60% +100%
4.7 uF -50% N/A

Recommended to use at least 10 V / 0805 / X7R SMD MLCC.

E. Settling delay in averaging register will increase total observed time under light and no-load conditions.

F.  This parameter should be used only for calculation of typical value of current sense resistor. The value programmed in CC register (0x98)
regulates the output current. The tolerance is specified in the Normalized Output Current parameter (I;).

G. Guarantee minimum low period for SCL clock of 930 ns while operating at any SCL clock frequency. This may require using asymmetrical SCL

clock (reduced duty cycle) at higher frequencies.

Repeated

SCL

tpista |
—_—>.

Figure 38. I°C Timing Diagram.
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Typical Performance Curves
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Figure 39. Output Characteristics.

Power (mW)

250

200

150

100

50

Scaling i:actors:

INN5x75F 1.4
| INN5X76F 1.9

INN5X77F 2.6

/

/

//

/

Drain

0 100 200 300 400

Voltage (V)

Figure 41. Drain Capacitance Power.
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SYNCHRONOUS RECTIFIER DRIVE Pin
& FORWARD Pin Negative

Figure 43. SYNCHRONOUS RECTIFIER DRIVE Pin Negative Voltage.
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Figure 40. C vs. Drain Voltage.

2

Scaling Factors:

INN5x75F 1.4

- INN5x76F 1.9

INN5x77F 2.6
10 100 1000

1.4

1.2

1.0

0.8

0.6

0.4

Normalized Current Limit

0.2
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Figure 42. Maximum Allowable Drain Current vs. Drain Voltage .

Normalized
di/dt =1

Note: For the
normalized current
limit value, use the
typical current limit
specified for the
appropriate BP/M
capacitor.

1 2

3

Normalized di/dt
Figure 44. Standard Current Limit vs. di/dt.
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Typical Performance Curves

25 T T T S 10000 F T ‘ ‘ 3
Scaling Factor: 1.9 ] - Scaling Factor: 1.9 o
s —_ 3
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< // ® £ 1000 E
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01 2 3 4 5 6 7 8 910 0 100 200 300 400 500 600 700 800
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Figure 45. Output Characteristics (for INN5x96F only). Figure 46. C vs. Drain Voltage (for INN5x96F only).
450 T T T 3 100 3
Scaling Factor: 1.9 A @ 3
400 2 2
/ > 0 3
350 ; 1 ;
// 2 Scaling Factor: 1.9 ik
E 300 :: 1
€ 250 g !
~ =
s =2 ]
S 200 (8] ]
3 / = 0.1 :
a 150 / © = Continuous Operation \
/ [a) === Non-Repetitive Operation H
100 0.01 .
// ) [
50 P i
0 0.001
0 100 200 300 400 500 600 700 800 10 100 1000
Drain Voltage (V) Drain Voltage (V)
Figure 47. Drain Capacitance Power (for INN5x96F only). Figure 48. Maximum Allowable Drain Current vs. Drain Voltage

(for INNSX96F only).
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InnoSwitch5-Pro

Safety Certification Specifications (Safety approval pending)

Parameter Conditions Rating Units
Ratings for UL1577
Primary-Side . ) .
Current Rating Current from pin (16-19) to pin 24 1.5 A
Primary-Side T = 25°C 1.35 W
Power Rating (Device mounted in socket resulting in T, = 120 °C) !
Secondary-Side - Tws=25°C 0.125 W
Power Rating (Device mounted in socket)
Package Characteristics
Clearance 11.4 mm (min)
Creepage 11.4 mm (min)
Distance Through .
Insulation (DTI) 04 mm (min)
Transient Isolation ;
Voltage 6 kV (min)
Comparative Tracking
Index (CTI) >600 v
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Feature Code Table

Summary Features H901
I, Selectable Yes
Over-Temperature Protection Hysteretic
Line OV/UV Enabled
Line UV Timer (35 ms or 400 ms) 35 ms
MSL Table
Part Number MSL Rating
INN5x7xF 3
INN5x9XF 3

ESD and Latch-Up Table

Test Conditions Results

Latch-up at 125 °C JESD78D > +100 mA or > 1.5 x V. on all pins

Charge Device Model ESD ANSI/ESDA/JEDEC ]JS-002-2014 > +1 kV on all pins

Part Ordering Information

o InnoSwitch5 Product Family

® Pro Series Number
Package Identifier
F |msop-T28D
—— o H Code
= Tape & Reel and Other Options
INN 5375 F-H901-TL TL ‘Tape & Reel, 1.8 k pcs per reel.
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2At

5245 Hellyer Avenue

San Jose, CA 95138, USA

2 AL &3 +1-408-414-9200
02 MElA:

& M +1-65-635-64480
=0l: +1-408-414-9621

Ol 0l ¥ : usasales@power.com

SI(ABH0I)

Rm 2410, Charity Plaza, No. 88
North Caoxi Road

Shanghai, PRC 200030

&3k +86-21-6354-6323

Ol 0l : chinasales@power.com

SI(UA)

17/F, Hivac Building, No. 2, Keji Nan

8th Road, Nanshan District,
Shenzhen, China, 518057
&3t +86-755-8672-8689

Ol 0l chinasales@power.com

sg
(AC-DC/LED/2F
Einsteinring 37
85609 Dornach/Aschheim
Germany

& 3t +49-89-5527-39100

Ol 0l : eurosales@power.com

S (HO0IE Z=2tolt ZH0H)
HellwegForum 3

59469 Ense

Germany

&3t +49-2938-64-39990
OlDI:
igbt-driver.sales@power.com

e

#1, 14th Main Road
Vasanthanagar
Bangalore-560052 India

&3k +91-80-4113-8020

Ol 0l indiasales@power.com

EE T0K)

OlEelot
Via Milanese 20, 3rd. Fl.

20099 Sesto San Giovanni (MI) Italy

&3 +39-024-550-8701
Ol 0l Y : eurosales@power.com

g

Yusen Shin-Yokohama 1-chome Bldg.
1-7-9, Shin-Yokohama, Kohoku-ku

Yokohama-shi,

Kanagawa 222-0033 Japan
&3k +81-45-471-1021

Ol 0l : japansales@power.com

Heter=
RM 602, 6FL

Korea City Air Terminal B/D, 159-6

Samsung-Dong, Kangnam-Gu,
Seoul, 135-728, Korea

&3k +82-2-2016-6610

Ol 0l koreasales@power.com

AR

51 Newton Road
#19-01/05 Goldhill Plaza
Singapore, 308900

&3t +65-6358-2160
oroig:
singaporesales@power.com

CHEH

5F, No. 318, Nei Hu Rd., Sec. 1
Nei Hu Dist.

Taipei 11493, Taiwan R.O.C.
&3t +886-2-2659-4570

0l 0l taiwansales@power.com

g3

Building 5, Suite 21

The Westbrook Centre

Milton Road

Cambridge

CB4 1YG

&3t +44 (0) 7823-557484
Ol 0l & eurosales@power.com
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