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TPSI3050-Q1 Automotive Reinforced Isolated Switch Driver With Integrated 10-V Gate
Supply

1 Features

* No isolated secondary supply required
» Drives external power transistors or SCRs
* 5-kVRums reinforced isolation
* 10-V gate drive with 1.5/3-A peak source and sink
current
* Up to 50-mW supply for external auxiliary circuitry
» Supports AC or DC switching
» Supports two-wire or three-wire modes
» Seven levels of power transfer, resistor selectable
» Functional Safety-Capable
— Documentation available to aid functional safety
system design
* AEC Q-100 qualified for automotive applications:
— Temperature grade 1: —40 to +125°C, Tx
» Safety-Related Certifications
— 7071-Vp reinforced isolation per DIN EN IEC
60747-17 (VDE 0884-17)
— 5-kVRups isolation for 1 minute per UL 1577

2 Applications

* Solid state relay (SSR)

« Battery management system

* On-board charger

» Hybrid, electric, and powertrain system
* Building automation

» Factory automation and control

3 Description

The TPSI3050-Q1 is a fully integrated, isolated switch
driver, which when combined with an external power
switch, forms a complete isolated solid state relay
(SSR). With a nominal gate drive voltage of 10 V
with 1.5/3.0-A peak source and sink current, a large
variety of external power switches can be chosen to
meet a wide range of applications. The TPSI3050-Q1
generates its own secondary bias supply from the
power received from its primary side, so no isolated
secondary supply bias is required. Additionally, the
TPSI3050-Q1 can optionally supply power to external
supporting circuitry for various application needs.

The TPSI3050-Q1 supports two modes of operation
based on the number of input pins required. In
two-wire mode, typically found in driving mechanical
relays, controlling the switch requires only two pins
and supports a wide voltage range of operation of 6.5
V to 48 V. In three-wire mode, the primary supply of
3 V to 5.5 V is supplied externally, and the switch
is controlled through a separate enable. Available in
three-wire mode only, the TPSI3050S-Q1 features a
one-shot enable for the switch control. This feature is
useful for driving SCRs that typically require only one
pulse of current to trigger.

The secondary side provides a regulated, floating
supply rail of 10 V for driving a large variety
of power switches with no need for a secondary
bias supply. The application can drive single power
switches for DC applications or dual back-to-back
power switches for AC applications, as well as various
types of SCR. The TPSI3050-Q1 integrated isolation
protection is extremely robust with much higher
reliability, lower power consumption, and increased
temperature ranges than traditional mechanical relays
and optocouplers.

The power transfer of the TPSI3050-Q1 can be
adjusted by selecting one of seven power level
settings using an external resistor from the PXFR pin
to VSSP. This action allows for tradeoffs in power
dissipation versus power provided on the secondary
depending on the needs of the application.

Package Information
PACKAGE(") BODY SIZE (NOM)

PART NUMBER
TPSI3050-Q1
TPSI3050S-Q1

7.50 mm x 5.85 mm

SOIC 8-pin (DWZ)

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

DC Link Pre-charge

@ DC Link

-

3-55V

ISOLATION &

TPSI3050-Q1 Simplified Schematic

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

EN[] 1 8 [_]VDRV
PXFR[] 2 7 [_]VDDH
vDDP[] 3 6 [__]vDDM
VsSSP 4 5 []vsss

Figure 5-1. TPSI3050-Q1, TPSI3050S-Q1 8-Pin SOIC Top View

Table 5-1. Pin Functions

PIN
110 TYPE(Y) |DESCRIPTION

NO. NAME

1 EN | — Active high driver enable

Power transfer can be adjusted by selecting one of seven power level settings
using an external resistor from the PXFR pin to VSSP. In three-wire mode, a

given resistor setting sets the duty cycle of the power converter (see Table 8-1)
2 PXFR | . : .
and hence the amount of power transferred. In two-wire mode, a given resistor
setting adjusts the current limit of the EN pin (see Table 8-2) and hence the
amount of power transferred.

3 VDDP — P Power supply for primary side

4 VSSP — GND Ground supply for primary side

5 VSSS — GND Ground supply for secondary side
6 VDDM — P Generated mid supply

7 VDDH — P Generated high supply

8 VDRV (6] — Active high driver output

(1)

P = power, GND = ground, NC = no connect

4
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

PARAMETER(") MIN MAX UNIT
VDDP -0.3 6 \Y
Primary Side Supply® EN -0.3 60 \%
PXFR -0.3 60 \Y
VDRV -0.3 12 \
Secondary Side Supply® VDDH 03 12 v
VDDM -0.3 6 \%
VDDH - VDDM -0.3 6 \
Junction temperature, T, -40 150 °C
Storage temperature, Tgg -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.
If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) All voltage values are with respect to VSSP.

(3) All voltage values are with respect to VSSS.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per AEC Q100-002(") 42000
HBM ESD classification level 2 -
V(esp) Electrostatic discharge Charged device model (CDM), per AEC | Corner pins (1, 4, 5, and 8) +750 v
Q100-011 -
CDM ESD classification level C4B Other pins 500

(1) AEC Q100-002 indicates that HBM stressing must be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VDDP Primary side supply voltage three-wire mode(") 3.0 55 v
EN Enable in two-wire mode(") 0 48.0 \Y
Enable in three-wire mode(") 0 55 v
PXFR Power transfer control(!) 0 55 v
Decoupling capacitance on VDDP and VSSP, two-wire mode(®) 220 330 nF
Cvooe Decoupling capacitance on VDDP and VSSP, three-wire mode(®) 0.22 20 uF
Cowvt @ Decoupling capacitance across VDDH and VDDM®) 0.003 40 uF
Covz @ Decoupling capacitance across VDDM and VSSS®) 0.003 40 uF
Ta Ambient operating temperature —40 125 °C
T, Operating junction temperature —40 150 °C
|AVeN/At] | EN rise and fall rates, two-wire mode. 65 V/ms
(1)  All voltage values are with respect to VSSP.
(2)  Cp2 2 Cpv1- Cpivq and Cpyy2 should be of same type and tolerance.
(3)  All capacitance values are absolute. Derating should be applied where necessary.
Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 5
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6.4 Thermal Information

DEVICE
THERMAL METRIC(") DWZ(SOIC) UNIT

8 PINS
Reua Junction-to-ambient thermal resistance 89.3 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 40.3 °C/W
Roys Junction-to-board thermal resistance 45.2 °C/W
Wyt Junction-to-top characterization parameter 10.3 °C/W
Y5 Junction-to-board characterization parameter 44.4 °C/W

M
report.

6.5 Power Ratings

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vvppp =5V,
Rpxrr = 20 kQ, three-wire mode,
Maximum power dissipation, VDDP. Cvpry = 100 pF, 250 mw
' ' Cpiv1 = Cpiv2 = 100 nF,
fen = 1-kHz square wave, Vgy = 5 V peak
Pp to peak.
Rpxrr = 20 kQ, two-wire mode,
CVDRV =100 pF,
Maximum power dissipation, EN. Cpiv1 = Cpiv2 = 100 nF, 350 mW
fen = 1-kHz square wave, Vgy =48 V
peak to peak.
6.6 Insulation Specifications
SPECIFIC
PARAMETER TEST CONDITIONS ATION UNIT
GENERAL
CLR External clearance(!) Shortest terminal-to-terminal distance through air (= 8.5 mm
CPG External Creepage(!) Shortest terminal-to-terminal distance across the | 8.5 mm
package surface
DTI Distance through the insulation Minimum internal gap (internal clearance) =120 um
CTI Comparative tracking index DIN EN 60112 (VDE 0303-11); IEC 60112 =600 \Y
Material Group According to IEC 60664-1 |
Rated mains voltage < 600 Vgrus [B\Y)
Overvoltage category per IEC 60664-1 -
Rated mains voltage < 1000 Vgus 1111
DIN EN IEC 60747-17 (VDE 0884-17)
VIorM Maximum repetitive peak isolation voltage AC voltage (bipolar) 1414 Vpk
AC voltage (sine wave) 1000 VRMs
Viowm Maximum isolation working voltage
DC voltage 1414 Vpe
VTEST = VIOTM; t=60s (qualification test) 7070 VPK
Viotm Maximum transient isolation voltage V1esT = 1.2 x Viorm; t = 1's (100% production
8484 Vpk
test)
V Maximum impulse voltage® Tested in air; 9230 V
IMP P 9 1.2/50-ps waveform per IEC 62638-1 PK
. . . Tested in oil (qualification test);
(3)
Viosm Maximum surge isolation voltage 1.2/50-ps waveform per IEC 62638-1 12000 Vpk
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6.6 Insulation Specifications (continued)

SPECIFIC
PARAMETER TEST CONDITIONS ATION UNIT
Method a: After input-output safety test subgroup
2/3, <
- _ . <5

Vini = VioTms tini = 60 s;
Vpd(m) =1.2x VIORMv tm =10s.
Method a: After environmental tests subgroup 1,

Opd Apparent charge(®) Vini = VioTm, tini = 60 s; <5 pC
Vpd(m) =16 x VIORM: tm =10s.
Method b1: At routine test (100% production test)
and preconditioning (type test), Vini = Viotm, tini = <5
1s;
Vpd(m) =1.875 % Viorm: tm = 1 s.

Cio Barrier capacitance, input to output(®) V|0 = 0.4 x sin (2mft), f = 1 MHz 3 pF
Vio =500V, Tp =25°C > 1012

Rio Insulation resistance, input to output(®) Vio =500V, 100°C < Tp < 125°C > 10M Q
Vo =500V at Tg = 150°C >10°

Pollution degree 2
Climatic category 40/125/21

UL 1577
VTEST = VISO = 5000 VRMS: t=60s (qualification

Viso Withstand isolation voltage test), V1esT = 1.2 % Viso = 6000 VRms, t= 1s 5000 VRus
(100% production test)

(1)

Creepage and clearance requirements should be applied according to the specific equipment isolation standards of an application.

Care should be taken to maintain the creepage and clearance distance of a board design to ensure that the mounting pads of the
isolator on the printed-circuit board do not reduce this distance. Creepage and clearance on a printed-circuit board become equal
in certain cases. Techniques such as inserting grooves, ribs, or both on a printed-circuit board are used to help increase these

specifications.
(2)
(3)
4)
(5)

6.7 Safety-Related Certifications

Testing is carried out in air to determine the intrinsic surge immunity of the package.
Testing is carried out in oil to determine the intrinsic surge immunity of the isolation barrier.
Apparent charge is electrical discharge caused by a partial discharge (pd).
All pins on each side of the barrier tied together creating a two-pin device.

VDE

UL

Certified according to DIN EN IEC 60747-17 (VDE 0884-17)

Recognized under UL 1577 Component Recognition Program

surge isolation voltage, 12000 Vpk

Reinforced insulation; Maximum transient isolation voltage, 7071
Vpk; Maximum repetitive peak isolation voltage, 1414 Vpy; Maximum

Single protection,

5000 Vrus

Certificate number: 40040142

File number: UL-US-2300613-0

6.8 Safety Limiting Values

PARAMETER() )

TEST CONDITIONS

MIN TYP MAX| UNIT

Safety input, output, or supply current

RSJA = 89.3°C/W, VVDDP =55V,
T, =150°C, Tp = 25°C,
three-wire mode.

254

RGJA = 89.3°C/W, VEN =24V,
T,=150°C, Tp = 25°C,
two-wire mode.

58 mA

Rgya = 89.3°C/W, Vgy =48V,
T, =150°C, Tp = 25°C,
two-wire mode.

29

Ps Safety input, output, or total power

Roya = 89.3°C/W,
T, = 150°C, Tp = 25°C.

1.4
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6.8 Safety Limiting Values (continued)

PARAMETER(") @)

TEST CONDITIONS

MIN

TYP

MAX

UNIT

Ts ‘ Maximum safety temperature

150

°C

(1) Safety limiting intends to minimize potential damage to the isolation barrier upon failure of input or output circuitry. A failure of the
I/0 can allow low resistance to ground or the supply and, without current limiting, dissipate sufficient power to overheat the die and
damage the isolation barrier, potentially leading to secondary system failures.

(2) The safety-limiting constraint is the maximum junction temperature specified in the data sheet. The power dissipation and junction-

to-air thermal impedance of the device installed in the application hardware determines the junction temperature. The assumed
junction-to-air thermal resistance in the Thermal Information table is that of a device installed on a high-K test board for leaded

surface-mount packages. The power is the recommended maximum input voltage times the current. The junction temperature is then
the ambient temperature plus the power times the junction-to-air thermal resistance.

6.9 Electrical Characteristics

over operating free-air temperature range (unless otherwise noted). Typicals at Ta = 25°C. Cyppp = 220 nF, Cpv4 = Cpjyo =
3.3 nF, CVDRV= 100 pF, RPXFR =7.32kQ+1%

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
COMMON
VvbbP_uv_R VDDP undervoltage threshold rising | VDDP rising 2.50 2.70 2.90 \Y
Vioop_ v F ;;ﬁiﬁg undervoltage threshold VDDP falling 235 255 275 V
VDDP undervoltage threshold
VvDDP_UV_HYS hysterisis 75 mV
TSD Temperature shutdown 173 °C
TSDH Temperature shutdown hysteresis 32 °C
VVDDH_Uv_ R VDDH undervoltage threshold rising | VDDH rising. 8.3 8.6 9.0 \%
VDDH undervoltage threshold
VVDDH_uv_F falling VDDH falling. 6.3 6.6 6.9 \
TPSI3050-Q1 only.
VDDH undervoltage threshold
falling
VVDDH_uv_F TPSI3050S-Q1 only. One-shot VDDH falling. 7.2 7.5 7.8 \
enable mode only available in three-
wire operation.
VDDH undervoltage threshold
VVDDH_UV_HYS hysterisis 2 \Y
TPSI3050-Q1 only.
VDDH undervoltage threshold
VVDDH_UV_HYS hysterisis 1.1 \Y
TPSI3050S-Q1 only.
Internal quiescent current of VDDH
la_vppH supply. 36 pA
Driver on resistance in low state Force VVDD_H =10V, 1.7 Q
sink lyprv = 50 mA.
Rpson_vbrv F v “10v
Driver on resistance in high state oree VvopH = 19 V. 2.5 o)
source lypry = 50 mA.
) VyppH in steady state,
?i/sDeRV peak output current during transition EN from low to high, 1.5 A
measure peak current.
VDRY_PEAK \Y in steady state
: VDDH ,
;;EI)RV peak output current during transition EN from high to low, 3 A
measure peak current.
CMTI Common-mode transient immunity ||V¢y| = 1000 V 100 V/ins
TWO-WIRE MODE
Vv Minimum voltage on EN to be 6.5 Vv
IH_EN detected as a valid logic high :
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6.9 Electrical Characteristics (continued)

over operating free-air temperature range (unless otherwise noted). Typicals at Tp = 25°C. Cyppp = 220 nF, Cpjy1 = Cpjv2 =
3.3 nF, CVDRV =100 pF, RPXFR =7.32kQ+1%

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vv Maximum voltage on EN to be 20 Vv
IL_EN detected as a valid logic low .
lEN_START Enable current at startup EN=0V —->6.5V 27 mA
EN=6.5V,
RF’XFR =7.32 kQ,
RPXFR 2100 kQ or RPXFR <1 kQ, 1.9 mA
IEN Enable current steady state VyopH in steady state.
EN=6.5V,
Rpxer = 20 kQ, 6.8 mA
VyppH in steady state.
VvDDP_RIPPLE VDDP output voltage ripple EN=6.5V, Vyppn in steady state. 600 mV
EN=6.5V,
VvDDH VDDH output voltage Vyppn in steady state. 9.4 10.2 11 \%
EN=6.5V,
VVDRV_H VDRV output voltage driven high VyppH in steady state, 9.4 10.2 11 \%
no DC loading.
EN=65V -0V,
VvbRv_L VDRYV output voltage driven low VyppH in steady state, 0.1 \%
sink 10 mA load.
EN =6.5V, steady state.
RF’XFR =7.32 kQ,
RF’XFR 2100 kQ or RPXFR <1 kQ,
4.6 5.5 \Y
Cpiv1 = Cpiv2 =220 nF,
A VDDM volt h source 0.4 mA from VDDM,
verage voltage when measure VDDM voltage.
Vvpom_iAux sourcing external current 9
EN =6.5V, steady state.
Rpxrr = 20 kQ,
CD|V1 = CDIVZ =220 nF, 4.6 55 \%
source 1.7 mA from VDDM,
measure VDDM voltage.
THREE-WIRE MODE
Minimum voltage on EN to Vvppp =3V 21 Vv
v be detected as a valid logic
H_EN high. Vipminy = 0.7 X Vyppp Vyopp = 5.5V 3.85 v
Maximum voltage on EN to be Vvopp =3V 0.9 \
ViLen detected as a valid logic low -
Vyvppp = 5.5V 1.65 \Y
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6.9 Electrical Characteristics (continued)

over operating free-air temperature range (unless otherwise noted). Typicals at Tp = 25°C. Cyppp = 220 nF, Cpjy1 = Cpjv2 =
3.3 nF, CVDRV =100 pF, RPXFR =7.32kQ+1%
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

EN=33YV,

Vyppp = 3.3V,

RF’XFR =7.32 kQ,

RF’XFR > 100 kQ or RPXFR <1 kQ,
VVDDH in steady state,

measure lyppp- mA

EN=33V,
Vyppp = 3.3V,
RPXFR =20 kQ 26
VyppH in steady state,

VDDP average current in steady measure lyppp.

state EN=5YV,

Vvppp =5V,

RPXFR =7.32 kQ,

RPXFR 2100 kQ or RPXFR <1 kQ,
VyppH in steady state,

measure lyppp.

EN=5YV,
Vvppp =39V,
Rpxer = 20 kQ, 37 mA
VyppH in steady state,
measure lyppp.

Vvppp =3.3V,EN=0V, Steady
state,

RPXFR =7.32 kQ,

Cpiv1 = Cpivz = 220 nF,

source 0.4 mA from VDDM,
measure Vyppu-

VVDDP =50 V, EN=0 V, Steady
state,

RPXFR =7.32 kQ,

Coiv1 = Cpivz2 =220 nF,

source 1.0 mA from VDDM,

Average VDDM voltage when measure Vyppwm.

sourcing external current Vyppp = 3.3V, EN = 0 V, steady
state,

RPXFR =20 kQ,

Cpiv1 = Cpivz =220 nF,

source 5.5 mA from VDDM,
measure Vyppum-

VVDDP =5.0 V, EN=0 V, steady
state,

RPXFR =20 kQ,

Cpiv1 = Cpivz = 220 nF,

source 10 mA from VDDM,
measure Vyppu-

Vyppp = 3.0V,
VvDDH VDDH output voltage EN=3.0V, 9.4 10.2 11 \
VyppH in steady state.

Vyppp = 3.0V,

EN=3.0V,

VvppH in steady state, no DC
loading.

Vyppp = 3.0V,
EN=0V,

VyppH in steady state,
VDRV sinking 10 mA.

31

lvppp

4.8 mA

4.6 5.5 \

4.6 5.5 \

VvbbMm_IAUX

4.6 5.5 \

4.6 5.5 \

VVDRV_H VDRYV output voltage driven high 9.4 10.2 11 \Y

Vvbrv_L VDRYV output voltage driven low 0.1 Vv
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6.10 Switching Characteristics

over operating free-air temperature range (unless otherwise noted). Typicals at Ta = 25°C. Cyppp = 220 nF, Cpv4 = Cpjyo =

3.3 nF, CVDRV= 100 pF, RPXFR =7.32kQ+1%

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
TWO-WIRE MODE
tLo En Low time of EN 5 us
t Propagation delay time from EN EN=0V 6.5V, 2 s
LH_VDDH rising to VDDH at 50% level Vypoi = 5.0 V. M
t Propagation delay time from EN EN=0V 6.5V, 260 s
LH_VDRV rising to VDRV at 90% level Vypry = 9.0 V. M
t Propagation delay time from EN EN=65V -0V, 24 3 s
HL_VDRV falling to VDRV at 10% level Vypry = 1.0 V. : H
t VDRV rise time from EN rising to EN=0V—>6.5YV, 6 ns
R_VDRV VDRY from 15% to 85% level Vypry = 1.5V t0 8.5 V.
t VDRV fall time from EN falling to EN=65V -0V, 5 ns
F_VDRV VDRY from 85% to 15% level Vypry=8.5Vto 1.5 V.
THREE-WIRE MODE
tLo En Low time of EN Vyvppp = 3.3V, steady state. us
tHi EN High time of EN Vyvppp = 3.3V, steady state. us
High time of VDRV using one-shot
enable.
tHI_VDRV TPSI3050S-Q1 only. Vvppp = 3.3V, steady state. 2.5 us
One-shot enable only available in
three-wire mode.
. . EN=0V,
Propagation delay time from VDDP 7
fLH_voDH rising to VDDH at 50% level Vvopp = 0V — 3.3 Vat1Vips, 74 us
Vyppp = 3.3V,
t Propagation delay time from EN VvppH steady state, 3 45 s
LH_VDRV rising to VDRV at 90% level EN=0V—3.3V, : H
VVDRV = 90 V.
Vvppp = 3.3V,
t Propagation delay time from EN VvppH Steady state, 25 3 s
HL_VDRV falling to VDRV at 10% level EN=33V-0V, ' H
VVDRV =1.0W
Propagation delay time from VDDP |EN =3.3V,
t falling to VDRV at 10% level. VvppH Steady state, 100 s
HL_VDRV_PD Timeout mechanism due to loss of |Vyppp= 3.3V — 0V at-1 Vips, H
power on primary supply. Vypry = 1.0 V.
Vyppp =3.3V,
t VDRV rise time from EN rising to VyvppH Steady state, 6 ns
R_VDRV VDRYV from 15% to 85% level EN= 0V 33V,
Vypry=1.5Vt08.5V.
Vyppp = 3.3V,
t VDRY fall time from EN falling to VvppH Steady state, 5 ns
F_VDRY VDRV from 85% to 15% level EN=33V—-0V,
VVDRV =85Vto15V.
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6.11 Insulation Characteristic Curves
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Figure 6-1. Thermal Derating Curve for Limiting
Current per VDE and IEC, Three-Wire Mode
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Figure 6-2. Thermal Derating Curve for Limiting
Current per VDE and IEC, Two-Wire Mode

Figure 6-3. Thermal Derating Curve for Limiting Power per VDE and IEC
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6.12 Typical Characteristics
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Figure 6-5. ty__yvprv, Three-Wire Mode
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Figure 6-8. tLH_VDRV! Two-Wire Mode
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Figure 6-9. ty_ yprv, Two-Wire Mode
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6.12 Typical Characteristics (continued)
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7 Parameter Measurement Information

I~
-
|—

—50%

[
50%
en—)

4 tL.H vDDH ->

<~

VDDH ;
4ty voRvV———
90%-
85%
15% -
VDRV P !
tr_vorv P €= € th vory P

Figure 7-1. Two-Wire Mode Timing, Standard Enable (TPSI3050-Q1 Only)
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Figure 7-2. Three-Wire Mode Timing, Standard Enable (TPSI3050-Q1 Only)
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Figure 7-3. Three-Wire Mode Timing, One-Shot Enable (TPSI3050S-Q1 Only)
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Pass/Fail criteria: Output

must remain stable.
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Figure 7-4. Common-Mode Transient Immunity Test Circuit
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8 Detailed Description
8.1 Overview

The TPSI3050-Q1 is a fully integrated, reinforced isolated power switch driver, which when combined with an
external power switch, forms a complete isolated Solid State Relay (SSR). With a nominal gate drive voltage
of 10 V and 1.5/3.0-A peak source and sink current, a large variety of external power switches can be chosen
to meet a wide range of applications. The TPSI3050-Q1 generates its own secondary supply from the power
received from its primary side, so no isolated secondary bias supply is required.

The Functional Block Diagram shows the primary side that includes a transmitter that drives an alternating
current into the primary winding of an integrated transformer at a rate determined by the setting of the PXFR pin
and the logic state of the EN pin. The transmitter operates at high frequency to optimally drive the transformer
to its peak efficiency. In addition, the transmitter uses spread spectrum techniques to greatly improve EMI
performance, allowing many applications to achieve CISPR 25 - Class 5. During transmission, data information
transfers to the secondary side alongside with the power. On the secondary side, the voltage induced on the
secondary winding of the transformer is rectified, and the shunt regulator regulates the output voltage level of
VDDH. Lastly, the demodulator decodes the received data information and drives VDRV high or low based on
the logic state of the EN pin.

8.2 Functional Block Diagram

EN Lo
| |
PXFR L VDRV
VDDP b — —¢ VDDH
I I g! = S
15 2 5 5
— © =
£ [MNvoduiar =y 3 H1E] 128 - VDDM
g odulator IS 8 5 o
o =1 E & T =
r o HiqyL ;
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| |
| |
1 1

8.3 Feature Description
8.3.1 Transmission of the Enable State

The TPSI3050-Q1 and TPSI3050S-Q1 use a modulation scheme to transmit the switch enable state information
across the isolation barrier. The transmitter modulates the EN signal with an internally generated, high frequency
carrier (89-MHz typical), and differentially drives the primary winding of the isolation transformer. The receiver on
the secondary side demodulates the received signal and asserts VDRV high or low based on the data received.

8.3.2 Power Transmission

The TPSI3050-Q1 and TPSI3050S-Q1 do not use an isolated supply for their power. The secondary side power
is obtained by the transferring of the primary side input power across the isolation transformer. The modulation
scheme uses spread spectrum of the high frequency carrier (89-MHz typical) to improve EMI performance
assisting applications in meeting the CISPR 25 Class 5 standards.

8.3.3 Gate Driver

The TPSI3050-Q1 and TPSI3050S-Q1 have an integrated gate driver that provides a nominal 10-V gate voltage
with 1.5/3.0-A peak source and sink current sufficient for driving many power transistors or Silicon-Controlled
Rectifiers (SCR). When driving external power transistors, TlI recommends bypass capacitors (Cpy = Cpiy1 =
Cpyv2) from VDDH to VDDM and VDDM to VSSS of 20 times the equivalent gate capacitance.

The gate driver also includes an active clamp keep off circuit. This feature helps to keep the driver output, VDRV,
low should power be lost on the secondary supply rails e.g. power loss on the VDDP supply prevents power
transfer. Should power be lost, the active clamp keep off circuit will attempt to clamp the voltage of VDRV to
under 2 V relative to VSSS.
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8.3.4 Modes Overview
The TPSI3050-Q1 and TPSI3050S-Q1 have two modes of operation: two-wire mode and three-wire mode.

In two-wire mode, the power on the primary side is provided directly by the EN pin. Setting EN high causes
power transfer to the secondary side. As power transfers, the secondary rails, VDDM and VDDH, begin to rise.
After sufficient power is available on the secondary side, VDRV is asserted high. Setting EN low causes VDRV
to assert low and halts power transfer to the secondary side.

In three-wire mode, the power on the primary side is provided by a dedicated, low output impedance supply
connected to VDDP. In this case, power transfer is independent from the enable state. If VDDP power is present,
power is transferred from the primary side to the secondary side regardless of the EN state. In steady state
conditions, when sufficient power is available on the secondary side, setting EN high causes VDRV to assert
high. Setting EN low causes VDRYV to assert low.

In standard enable, available only on the TPSI3050-Q1, VDRV follows the state of the EN pin and is used
in most load switch applications. In one-shot enable mode, available only on the TPSI3050S-Q1 in three-wire
mode, when a rising transition occurs on EN, VDRV is asserted high momentarily and then automatically
asserted low, forming a one-shot pulse on VDRV. This event is useful for driving SCR devices that require
only one burst of power to trigger. To re-trigger VDRV, EN must first transition low, followed by another rising
transition.

8.3.5 Three-Wire Mode

Three-wire mode is used for applications that require higher levels of power transfer or the shortest propagation
delay TPSI3050-Q1 can offer. VDDP is supplied independently from the EN pin by a low output impedance
external supply that can deliver the required power. In this mode, power from the primary side to the secondary
side always occurs regardless of the state of the EN pin. Setting the EN pin logic high or low asserts or
de-asserts VDRV, thereby enabling or disabling the external switch, respectively. Figure 8-1 shows the basic
setup required for three-wire mode operation which requires EN, VDDP, and VSSP signals. EN can be driven
up to 5.5 V which is normally driven from the circuitry residing on the same rail as VDDP. In this example, the
TPSI3050-Q1 is being used to drive back-to-back MOSFETs in a common-source configuration. Cyppp provides
the required decoupling capacitance for the VDDP supply rail of the device. Cpy1 and Cpy2 provide the required
decoupling capacitances of the VDDH and VDDM supply rails that provide the peak current to drive the external
MOSFETSs.

Figure 8-2 and Figure 8-3 show the basic operation from start-up to steady-state conditions. Figure 8-2 shows
operation using standard enable of the TPSI3050-Q1. After power up, the TPSI3050-Q1 begins to transfer power
from VDDP to the secondary side for a fixed time period (25-us typical) at a duty cycle rate determined by
Rpxrr, wWhich begins to charge up the VDDH (and VDDM) secondary side rails. Power transfer continues as long
as VDDP is present. The time required to fully charge VDDH depends on several factors including the values of
VDDP, Cpiv1, Coiva, Rpxer, and the overall power transfer efficiency. When the application drives the EN pin to a
logic high, the TPSI3050-Q1 signals information from the primary side to the secondary side to assert VDRV and
drive it high. Similarly, setting EN pin to a logic low causes VDRV to be driven low. Figure 8-3 shows operation
using one-shot enable of the TPSI3050S-Q1. The start-up behavior is identical. In one-shot enable, when the
application drives the EN pin to a logic high, VDRYV is asserted high (tn; vpry), then is automatically asserted low
by the TPSI3050S-Q1. To assert VDRV high again, the EN pin must transition low first, followed by a transition
high.
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ISOLATION

Figure 8-1. Three-Wire Mode Simplified Schematic
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Figure 8-2. Three-Wire Mode with TPSI3050-Q1 (Standard Enable)
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VDRV 55
Figure 8-3. Three-Wire Mode with TPSI3050S-Q1 (One-shot Enable)

To reduce average power, the TPSI3050-Q1 transfers power from the primary side to the secondary side in
a burst fashion. The period of the burst is fixed while the burst on time is programmable by selecting one of
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seven appropriate resistor values, Rpxer, from the PXFR to VSSP pins, thereby changing the duty cycle of the
power converter. This action provides flexibility in the application, allowing tradeoffs in power consumed versus
power delivered. Higher power converter settings increase the burst on time which, in turn, increases average
power consumed from the VDDP supply and increases the amount of power transferred to the secondary side
VDDH and VDDM supplies. Similarly, lower power converter settings decrease the burst on time which, in turn,
decreases average power consumed from the VDDP supply and decreases the amount of power transferred to
the secondary side.

Table 8-1 summarizes the three-wire mode power transfer selection.

Table 8-1. Three-Wire Mode Power Transfer Selection

Power Converter Duty Cycle i
1)@
RexFr (Three-Wire Mode, Nominal) Description
7.32kQ 13.3%
9.09 kQ 26.7% The device supports seven, fixed power transfer settings, by selection of a
1 kQ 40.0% corresponding Rpxrr value . Selecting a given power transfer setting adjusts the
. (1]

duty cycle of the power converter and hence the amount of power transferred.
12.7 kQ 53.3% Higher power transfer settings leads to an increased duty cycle of the power
converter leading to increased power transfer and consumption. During power

0,
14.7kQ 66.7% up, the power transfer setting is determined and remains fixed at that setting until
16.5 kQ 80.0% VDDP power cycles.
20 kQ 93.3%

(1) Standard resistor (EIA E96), 1% tolerance, nominal value.
(2) Rpxrr 2 100 kQ or Rpxer < 1 kQ sets the duty cycle of the power converter to 13.3%.

8.3.6 Two-Wire Mode

Figure 8-4 shows the basic setup required for two-wire mode operation, which requires the EN signal and
VSSP ground signal. EN can be driven up to 48 V. No current limiting resistor is required on EN because the
TPSI3050-Q1 limits the input current based on the values set by the Rpxpr resistor (see Table 8-2). In this
example, the TPSI3050-Q1 is being used to drive back-to-back MOSFETs in a common-source configuration.
Cvppp provides the required decoupling capacitance for the VDDP supply rail of the device. Cpy1 and Cppy2
provide the required decoupling capacitance of the VDDH and VDDM supply rails that provide the peak current
to drive the external MOSFETSs.

Figure 8-5 shows the typical operation in two-wire mode configured for standard enable. The application drives
EN to a logic high and the TPSI3050-Q1 begins its power-up sequence. During power up, the current provided
by the EN pin, IgN, begins to charge up the external capacitance, Cyppp, and the voltage on VDDP begins to
rise until it reaches Vyppp H. After VDDP reaches its peak, Vyppp n, the TPSI3050-Q1 transfers stored energy
on Cyppp to the secondary side for a fixed time (3.3-us typical) which begins to charge up the VDDH (and
VDDM) secondary side rails thereby discharging the voltage on VDDP. In steady state, this results in an average
voltage on VDDP, Vyppp ave- This cycle repeats until the VDDH (and VDDM) secondary side rails are fully
charged. The time required to fully charge VDDH depends on several factors including the values of Cyppp,
Coiv1: Cpiva, Rpxer, and the overall power transfer efficiency. After VDDH is fully charged, VDRV is asserted
high and remains high while the EN pin remains at a logic high. When the application drives the EN pin to a logic
low, the charge on VDDP begins to discharge. Prior to VDDP reaching its UVLO falling threshold, TPSI13050-Q1
signals information from the primary side to the secondary side to de-assert VDRV and drive it low. Because
power is no longer being transferred, all rails begin to fully discharge.
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Figure 8-5. Two-Wire Mode with Standard Enable (TPSI3050-Q1 Only)

In two-wire mode, power is supplied directly by the EN pin. When EN is asserted high, the TPSI3050-Q1
transfers power to the secondary side for a fixed time (3.3-us nominal) while the time period varies. The period
varies due to the hysteretic control of the power transfer that ensures the average current supplied through
the EN pin is maintained. The amount of average current, and hence the amount of power transferred, is
programmable by selecting one of seven appropriate resistor values, Rpxrr, from the PXFR to VSSP pins.
Higher settings of Rpxrr increase lgy which increases the average power consumed from the EN pin and
increases the amount of power transferred to the secondary side VDDH supply. Similarly, lower settings of Rpxrr
decrease |gn, Which decreases the average power consumed from the EN pin and decreases the amount of
power transferred to the secondary side.

Table 8-2 summarizes the two-wire mode power selection.
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Table 8-2. Two-Wire Mode Power Selection

Rpxer (1 @ Ien (Two-Wire Mode, Nominal) Description
7.32 kQ 1.9mA
9.09 kQ 2.8 mA
11 kQ 3.7mA The device supports seven, fixed EN input current limit options selected by
the corresponding Rpxrr specified value. Higher current limit selections lead to
12.7 kQ 4.5 mA . : - ;
increased power transfer and consumption. During power up, the EN input current
14.7 kQ 5.2 mA limit is determined and remains fixed at that setting until VDDP power cycles.
16.5 kQ 6.0 mA
20 kQ 6.7 mA

(1) Standard resistor (EIA E96), 1% tolerance, nominal value.
(2) Rpxrr 2 100 kQ or Rpxrr < 1 kQ sets the Igy to 1.9 mA.

8.3.7 VDDP, VDDH, and VDDM Undervoltage Lockout (UVLO)

TPSI3050-Q1 and TPSI3050S-Q1 implement an internal UVLO protection feature for both input and output
power supplies, VDDP, VDDH, and VDDM. When VDDP is lower than the UVLO threshold voltage, power
ceases to be transferred to the VDDM and VDDH rails. Over time the VDDH and VDDM rails will begin to
discharge. If enough charge is available on VDDP, the device will attempt to signal VDRV to assert low. If not
enough charge is available on VDDP, a timeout mechanism will ensure VDRV asserts low after the timeout
has been reached. When either VDDH or VDDM are lower than their respective UVLO thresholds, VDRV will
be asserted low regardless of the EN state. The UVLO protection blocks feature hysteresis, which helps to
improve the noise immunity of the power supply. During turn-on and turn-off, the driver sources and sinks a
peak transient current, which can result in voltage drop of the VDDH, VDDM power supplies. The internal UVLO
protection block ignores the associated noise during these normal switching transients.

8.3.8 Power Supply and EN Sequencing

During power up, the device will automatically determine if two-wire or three-wire mode is to be entered. Once
two-wire or three-wire mode is determined, the mode is maintained until another power cycle is performed.
Therefore, it is important to understand different scenarios that may affect the device operation.

In two-wire mode, the device is supplied power from a single external voltage source via EN, which charges the
Cvppp capacitance on VDDP. The voltage supply is required to meet the power supply needs at the selected
PXFR setting, as well as, meet the recommended minimum ramp time, |AVgn/At|. To ensure two-wire mode is
entered properly, Vgn must reach Vg gn prior to Vyppp reaching Vyppp yv r- This is summarized in Figure 8-6.
Similarly, it is recommend that Vgy meet the minimum recommended ramp down time to V) gn. Too slow a ramp
down time may cause insufficient power to be transferred while slowly transitioning between Vi gy and Vy en
leading to intermittent de-assertions and assertions of VDRV. This may continue until the power transfer reduces
sufficiently to maintain VDRV low.

ViH_en T

ViL en
« At
Ven
Vvoop_uv R
< Two-wire mode >

VVDDP

Figure 8-6. Two-wire Mode Entry
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In most three-wire mode applications, EN and VDDP are supplied by the same voltage rail and source. It
is recommended that Vgy remain below V) gy until Vyppp reaches Vyppp yv r- It is also possible in some
applications to connect EN directly to the VDDP supply. These two scenarios are shown in Figure 8-7.

Vvoop_uv_R

VVDDP

Ven = Vvppp

ViL_en

Figure 8-7. Three-wire Mode Power Sequences

In three-wire mode applications with separate voltage sources supplying EN and VDDP, it is recommended
that Vg remain below V, gy until Vyppp reaches Vyppp uv r- If Ven reaches Vg gn prior to Vyppp reaching
Vybpe uv R, current from the supply that sources EN will attempt to power VDDP. Depending on the other
supply's impedance residing on VDDP and the amount of power available from the EN pin, Vyppp may begin to
rise and eventually exceed Vyppp yv r- At that point, the device will begin to transfer power to the secondary
and start charging the VDDM and VDDH rails. If VDDP remains above Vyppp uv r, the device will continue to
transfer power to the secondary eventually charging the VDDM and VDDH rails and VDRV may assert high.

8.3.9 Thermal Shutdown

The device contains an integrated temperature sensor to monitor its local temperature. When the sensor
reaches its threshold, it automatically ceases power transfer from the primary side to the secondary side. In
addition, if power is still present on VDDP, the driver is automatically asserted low. The power transfer is disabled
until the local temperature reduces enough to re-engage.
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8.4 Device Functional Modes

Table 8-3 summarizes the functional modes for the TPSI3050-Q1 and TPSI3050S-Q1.
Table 8-3. TPSI3050-Q1, TPSI3050S-Q1 Device Functional Modes

VDDP(®) VDDH EN(©) VDRV COMMENTS
L L TPSI3050-Q1 normal operation:
VDRYV output state assumes logic state of EN logic
H H state.
Powered up(@ Powered up® L L TPSI3050S-Q1 normal operation (three-wire mode
only):
rising edge of EN causes VDRV to be singly pulsed
L—H L-H-L high. EN must be asserted low first to assert
another pulse.
Disabled operation:
(3) ®) (1)
Powered down Powered down X L VDRYV output disabled, keep off circuitry applied.
Disabled operation:
(2) ®) (1)
Powered up Powered down X L VDRV output disabled, keep off circuitry applied.
Disabled operation:
Powered down® Powered up® x() L when VDDP is powered down, output driver

is disabled automatically after timeout, keep off
circuitry applied.

M
(2
3)
)
®)
(6)

X: do not care.

Vyppp 2 VDDP undervoltage lockout rising threshold, Vyppp uv R-
Vyppe < VDDP undervoltage lockout falling threshold, Vyppp v F-
Vypph = VDDH undervoltage lockout rising threshold, Viyppy uv R-
Vypph < VDDH undervoltage lockout falling threshold, Vyppy Uy -
Refer to Power Supply and EN Sequencing for additional information.
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9 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

9.1 Application Information

The TPSI3050-Q1 is a fully integrated, isolated switch driver with integrated bias, which when combined with an
external power switch, forms a complete isolated solid state relay solution. With a nominal gate drive voltage of
10 V with 1.5/3.0-A peak source and sink current, a large variety of external power switches such as MOSFETSs,
IGBTs, or SCRs can be chosen to meet a wide range of applications. The TPSI3050-Q1 generates its own
secondary bias supply from the power received from its primary side, so no isolated secondary supply bias is
required.

The TPSI3050-Q1 supports two modes of operation based on the number of input pins required. In two-wire
mode, typically found in driving mechanical relays, controlling the switch requires only two pins and supports
a wide voltage range of operation of 6.5 V to 48 V. In three-wire mode, the primary supply of 3 V to 5.5 V is
supplied externally, and the switch is controlled through a separate enable. Available in three-wire mode only,
the TPSI3050S-Q1 features a one-shot enable for the switch control. This feature is useful for driving SCRs that
typically require only one pulse of current to trigger.

The secondary side provides a regulated, floating supply rail of 10 V for driving a large variety of power switches
with no need for a secondary bias supply. The TPSI3050-Q1 can support driving single power switch, dual
back-to-back, parallel power switches for a variety of AC or DC applications. The TPSI3050-Q1 integrated
isolation protection is extremely robust with much higher reliability, lower power consumption, and increased
temperature ranges than those found using traditional mechanical relays and optocouplers.

The power dissipation of the TPSI3050-Q1 can be adjusted by an external resistor from the PXFR pin to VSSP.
This feature allows for tradeoffs in power dissipation versus power provided on the secondary depending on the
needs of the application.

9.2 Typical Application

The circuits in Figure 9-1 and Figure 9-2 show a typical application for driving silicon based MOSFETSs in
three-wire mode and two-wire mode, respectively.

ISOLATION

Figure 9-1. TPSI3050-Q1 Three-Wire Mode Driving MOSFETs
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6.548V

Rexrr

ISOLATION

Figure 9-2. TPSI3050-Q1 Two-Wire Mode Driving MOSFETs

9.2.1 Design Requirements
Table 9-1 lists the design requirements of the TPSI3050-Q1 gate driver.
Table 9-1. TPSI3050-Q1 Design Requirements

DESIGN PARAMETERS
Total gate capacitance 100 nC
FET turn-on time 1us
Propagation delay <4 pus
Switching frequency 10 kHz
Supply voltage (VDDP) 5V +5%

9.2.2 Detailed Design Procedure
9.2.2.1 Two-Wire or Three-Wire Mode Selection

The first design decision is to determine if two-wire or three-wire mode can be used in the application. For this
design, note that the overall propagation delay is less than 4 pys and only three-wire mode is able to meet this
requirement. In this case, two-wire mode is not applicable. Two-wire mode, due to its limited power transfer, is
typically limited to very low frequency applications of less than a few kHz or when enable times are not critical.

9.2.2.2 Standard Enable, One-Shot Enable

Next, based on the application a decision must be if standard enable or one-shot enable mode is required. In this
design, assume that after the switch is enabled, it is desired that the switch remain enabled until commanded
to be disabled. Therefore, standard enable mode is assumed. In most applications that involve driving FETSs,
standard enable is appropriate. If driving SCRs or TRIACS, one-shot mode can be beneficial.

9.2.2.3 CDIV11 CDIVZ Capacitance

The Cpy1 and Cpjy2 capacitances required depends on the amount of drop that can be tolerated on the VDDH
rail during switching of the external load. The charge stored on the CDIV1 and CDIV2 capacitances is used to
provide the current to the load during switching. During switching, charge sharing occurs and the voltage on
VDDH drops. At a minimum, Tl recommends that the total capacitance formed by the series combination of
Cpiv1 and Cp)y2 be sized to be at least 20 times the total gate capacitance to be switched. This sizing results in
an approximate 0.5-V drop of the VDDH supply rail that is used to supply power to the VDRV signal. Equation 1
and Equation 2 can be to used to calculate the amount of capacitance required for a specified voltage drop.

Cpiv1 and Cppy2 must be of the same type and tolerance.

+1\, QLoAD
Cowr = (B5E) x 72 n= 1.0 "
Cpry2 =nxCpyp,n=1.0 2

where

* nis areal number greater than or equal to 1.0.
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*  Cpv1 is the external capacitance from VDDH to VDDM.
*  Cp)y2 is the external capacitance from VDDM to VSSS.
*  Qroap is the total charge of the load from VDRV to VSSS.
* AV is the voltage drop on VDDH when switching the load.

Note
Cpiv1 and Cpyyo represent absolute capacitances and components selected must be adjusted for
tolerances and any derating necessary to achieve the required capacitances.

Larger values of AV can be used in the application, but excessive droop can cause the VDDH undervoltage
lockout falling threshold (VyppH uvio F) to be reached and cause VDRV to be asserted low. Note that as the
series combination of Cpjy4 and Cpy, capacitances increases relative to Q_pap, the VDDH supply voltage drop
decreases, but the initial charging of the VDDH supply voltage during power up increases.

For this design, assumingn =1 and AV = 0.5V, then

1+1 100 nC
Cowt = () x 1G53 = 400 nF (3)
Cpry2 = 1 X 400 nF = 400 nF 4)

For this design, Cpy1 = Cpjv2 = 470 nF standard capacitor values were selected.
9.2.2.4 Rpxrr Selection

The selection of Rpxrr allows for a tradeoff between power consumed and power delivered, as described in the
Three-wire Mode section. For this design, one must choose an appropriate Rpxrr selection that ensures enough
power is transferred to support the amount of load being driven at the specified switching frequency.

During switching of the load, Q pap Of charge on VDDH is transferred to the load and VDDH supply voltage
droops. After each switching cycle, this charge must be replenished before the next switching cycle occurs. This
action ensures that the charge residing on VDDH does not deplete over time due to subsequent switching cycles
of the load. The time it takes to recover this charge, trecover, can be estimated as follows:

Q
1. QLoap (5)

tRECOVER = Ty = Tour

where

* Qroap is the load charge in Coulombs.
* lpyr is the average current available from VDDH supply in Amperes (A).
* fuax is maximum switching frequency in Hertz (Hz).

For this design, Q_ oap = 100 nC and fyax = 10 kHz are known, so lgyT required can be estimated as

Ioyr = 100 nC X 10 kHz = 1.0 mA (6)

louT represents the minimum average current required to meet the design requirements. Using the TPSI3050-
Q1 calculator tool, one can easily find the Rpxpr necessary by referring to the lgyt or fyax columns directly.
Table 9-2 shows the results from the tool, assuming VDDP = 4.75V, to account for the supply tolerance specified
in the design requirements. The TPSI3050-Q1 Calculator tool can be found at Design Calculator.

Table 9-2. Results from the TPSI3050-Q1 Calculator Tool, Tp = 25°C, Three-Wire Mode

Power
Rpxrr, kQ | Converter | lyppp, MA | Py, MW | Poyr, MW | loyr, MA | tstarT; S | trRecover, MS fen_max | laux max;
kHz mA
Duty Cycle, %
9.09 211 6.82 32.0 10.8 1.05 19443 93.13 10.74 0.15
1 40.0 14.09 66.6 23.7 2.32 976.0 42.68 23.43 2.66
12.7 53.3 19.22 90.9 325 3.19 754.1 31.11 32.14 4.38
14.7 66.7 24.38 115.4 41.3 4.07 626.1 24.44 40.91 6.12
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Table 9-2. Results from the TPSI3050-Q1 Calculator Tool, Tp = 25°C, Three-Wire Mode (continued)

Power f I
Rexrr, kKQ | Converter | lyppp, MA | Py, MW | Poyr, MW | loyr, MA | tsarT, BS | trRecover, MS Eiﬁ: X AU:(,;XAX’
Duty Cycle, %
16.5 80.0 29.50 139.8 50.7 4.99 539.5 19.93 50.17 7.96
20 93.3 34.62 164.1 59.6 5.87 482.4 16.96 58.98 9.70

Table 9-3 summarizes the various output parameters of the calculator tool.

Table 9-3. TPSI3050-Q1 Calculator Tool Parameter Descriptions
Parameter Description

External resistor setting that controls the amount of power transferred to the load by adjusting the duty

RexFr cycle. Higher Rpxgr settings lead to increased power transfer and power consumption.

Nominal duty cycle of the power converter. Higher Rpxrr settings leads to higher duty cycles of the power

Power Converter Duty Cycle converter and higher power transfer.

lvpop Average current consumed from the VDDP supply
Pin Average power consumed from the VDDP supply
Pout Average power delivered to the VDDH supply
lout Average current delivered to the VDDH supply
tTaRT Start-up time fror_‘n VDDP risir_19 until VD_D_H_ supply rail is fully charged. This parameter assumes VDDH and
VDDM supply rails are fully discharged initially.
tRECOVER Represents the time for the VDDH rail to recover after switching the load present on VDRV
fmax Maximum switching frequency possible for a given Rpxgr setting for the applied loading conditions

Maximum auxiliary current available at current user input settings. There is an inverse relationship between
fvax and layx_wax-

IAUX_MAX

For this design example, Rpxpr must be configured to the 9.09-kQ setting or higher to transfer enough power to
support switching the specified load at the required 10-kHz frequency.

9.2.2.5 Cyppp Capacitance
For two-wire mode, the recommended capacitance Cyppp from VDDP to VSSP is 220 nF.

For this design, three-wire mode is required to meet the design requirements. For three-wire mode, increasing
the amount of capacitance, Cyppp, improves the ripple on the VDDP supply. For this design, 1 uF in parallel with
100 nF is used.

9.2.2.6 Gate Driver Output Resistor
The optional external gate driver resistors, Rgsrc and Rgsnk, along with the diode are used to:

1. Limit ringing caused by parasitic inductances and capacitances

2. Limit ringing caused by high voltage switching dv/dt, high current switching di/dt, and body-diode reverse
recovery

3. Fine-tune gate drive strength for sourcing and sinking

4. Reduce electromagnetic interference (EMI)

The TPSI3050-Q1 has a pullup structure with a P-channel MOSFET with a peak source current of 1.5 A.
Therefore, the peak source current can be predicted with:

v
Ipy = min<1.5 A VDDH ) @)

" RpsoN_VvDRV t RGSRC + RGFET_INT

where

* Rgsre: external turn-on resistance.
* Rpson_vprv: TPSI3050-Q1 driver on resistance in high state. See Electrical Characteristics.
* Vyppn: VDDH voltage. Assumed 10.2 V in this example.
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*  RgreT InT: external power transistor internal gate resistance, found in the power transistor data sheet.
Assume 0 Q for this example.

* lp+: peak source current. The minimum value between 1.5 A, the gate driver peak source current, and the
calculated value based on the gate drive loop resistance.

For this example, RDSON_VDRV =2.5Q, RGSRC =80Q, and RGFET_INT =0 Qresults in:

10.2V

lo+ =min(L5 A 750 PgnTon

)=0974 (8)
Similarly, the TPSI3050-Q1 has a pulldown structure with an N-channel MOSFET with a peak sink current of 3.0
A. Therefore, assuming Rgrer inT = 0 Q, the peak sink current can be predicted with:

1
RGsRC X Rgsnk + Rpson vDRrv % (RGSrc + RGSNK)

Ip_ = min[3-0 A, (Vypph % (Rgsrc + Rgsnk) — Rgsrc X VF) X 9)

where

* Rgsrc: external turn-on resistance.

*  Rgsnk: external turn-off resistance.

* Rpson vporv: TPSI3050-Q1 driver on resistance in low state. See Electrical Characteristics.

* Vyppn: VDDH voltage. Assumed 10.2 V in this example.

* Vg diode forward voltage drop. Assumed 0.7 V in this example.

* lp.: peak sink current. The minimum value between 3.0 A, the gate driver peak sink current, and the
calculated value based on the gate drive loop resistance.

For this example, assuming Rpson_vprv = 1.7 Q, Rgsre = 8 Q, Rasnk = 4.5 Q, and Rgrer int = 0 Q, results in:

o~ _ 1 _
lo— =min|3.04,(102V x (82 +450) ~350% 0.7V) X gosreo ooy marasny| = 2184 (10)

Importantly, the estimated peak current is also influenced by PCB layout and load capacitance. Parasitic
inductance in the gate driver loop can slow down the peak gate drive current and introduce overshoot and
undershoot. Therefore, Tl strongly recommends to minimize the gate driver loop.

9.2.2.7 Start-up Time and Recovery Time

As described in the Cp;y4, Cpyvo Capacitance section, the start-up time of the fully discharged VDDH rail
depends on the amount of capacitance present on the VDDH supply. The rate at which this capacitance is
charged depends on the amount of power transferred from the primary side to the secondary side. The amount
of power transferred can be adjusted by choosing Rpxgr. Increasing the resistor settings for Rpxgr transfers
more power from the primary supply (VDDP) to the secondary supply (VDDH), thereby reducing the overall
start-up and recovery times.

9.2.2.8 Supplying Auxiliary Current, l,yx From VDDM

The TPSI3050-Q1 is capable of providing power from VDDM to support external auxiliary circuitry as shown in
Figure 9-3. In this case, the required transfer power must include the additional power consumed by the auxiliary
circuitry on the VDDM rail. The Rpxgr value must be set to meet the overall power requirements.

ISOLATION

Figure 9-3. Supplying Auxiliary Power From VDDM

As an example, assume that the auxiliary circuitry requires an average current of 4 mA. Table 9-4 summarizes
the results from the TPSI3050-Q1 calculator tool. The Calculator tool can be found at Design Calculator.
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Table 9-4. Results from the TPSI3050-Q1 Calculator Tool, Tp = 25°C, Three-Wire Mode with Ipyx =4 mA

Rpxer, kQ C::\"’:ef:er lvppp, MA | Py, mW | Poyr, MW | lout, MA | tstarT: BS | tRecovERr HS fETa!\ln: X |Au:(ﬁxAx,
Duty Cycle, %
7.32 13.3 3.81 17.7 5.8 0.58 N/A N/A N/A N/A
9.09 211 6.82 32.0 10.8 1.07 N/A N/A N/A N/A
1 40.0 14.09 66.6 23.7 2.34 N/A N/A N/A N/A
12.7 53.3 19.22 90.9 32.5 3.21 1933.2 83.74 11.94 4.38
14.7 66.7 24.38 115.4 41.3 4.09 1180.9 48.28 20.71 6.12
16.5 80.0 29.50 139.8 50.7 5.02 864.6 33.36 29.97 7.96
20 93.3 34.62 164.1 59.6 5.90 704.0 2579 38.78 9.70

Based on the results in Table 9-4, several observations can be made:

*  With Rpxrr = 7.32 kQ , Rpxrr = 9.09 kQ, and Rpxrr = 11 kQ, insufficient power is available to meet the
application power needs specified in the design requirements in Table 9-1.

*  With Rpxrr = 12.7 kQ and higher, sufficient power is transferred to meet the specified design requirements.

» For a given Rpxrr, because a significant amount of the transferred power is being provided to the auxiliary
circuitry, tstarT is longer, and fyyax reduced when compared to the results shown in Table 9-4 with Iayx =0

maA.

9.2.2.9 VDDM Ripple Voltage

Note that when supplying power from VDDM, that is when Iayx > 0 mA, additional voltage ripple is present on
the VDDM rail. For a given Rpxpr setting, this ripple can be reduced by applying additional capacitance from
VDDM to VSSS. For this design example, the ripple on VDDM, VDDM;jy,e, computed in the calculator tool is 75

mV.

It is possible to reduce the VDDMpe with the addition of capacitance while still maintaining the original
VDDHgrop = 0.5 V. For example, applying Cpjy4 = 330 nF and Cpj, = 680 nF in the calculator tool, reduces
VDDMgippie to 52 mV, while still maintaining VDDHgroop < 0.5 V. Of course, this additional capacitance leads to
increased tgtarT times.
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9.2.3 Application Curves
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IAUX =0mA CVDRV =10 nF TA =25°C IAUX =0mA CVDRV =10 nF TA =25°C
Figure 9-4. Power Up, Vgn = Vyppp, Three-Wire Mode, TPSI3050- Figure 9-5. t 4 vprv, Three-Wire Mode, TPSI3050-Q1
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Figure 9-6. ty_vpRry, Three-Wire Mode, TPSI3050-Q1 Figure 9-7. Three-Wire Mode, fgy = 10 kHz, TPSI3050-Q1
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TPSI3050-Q1

Copyright © 2023 Texas Instruments Incorporated

Submit Document Feedback 31

Product Folder Links: TPSI3050-Q1


https://www.ti.com
https://www.ti.com/product/TPSI3050-Q1
https://www.ti.com/lit/pdf/SLVSFJ7
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSFJ7D&partnum=TPSI3050-Q1
https://www.ti.com/product/tpsi3050-q1?qgpn=tpsi3050-q1

13 TEXAS
TPSI3050-Q1 INSTRUMENTS
SLVSFJ7D — NOVEMBER 2021 — REVISED AUGUST 2023 www.ti.com

9.2.3 Application Curves (continued)
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Three-wire mode VDDP =5.0V Rpxrr = 12.7 kQ Three-wire mode VDDP =5.0V Rpxrr = 12.7 kQ
CDlV'] =330 nF CD|V2 =680 nF CDlV‘l =330 nF CD|V2 =680 nF
IAUX =4 mA CVDRV =10 nF TA =25°C IAUX =4 mA CVDRV =10 nF TA =25°C
Figure 9-10. ty_vprv, Three-Wire Mode, TPSI3050-Q1 Figure 9-11. Three-Wire Mode, fgy = 10 kHz, TPSI13050-Q1

9.2.4 Insulation Lifetime

Insulation lifetime projection data is collected by using industry-standard Time Dependent Dielectric Breakdown
(TDDB) test method. In this test, all pins on each side of the barrier are tied together creating a two-terminal
device and high voltage applied between the two sides; See Figure 9-12 for TDDB test setup. The insulation
breakdown data is collected at various high voltages switching at 60 Hz over temperature. For reinforced
insulation, VDE standard requires the use of TDDB projection line with failure rate of less than 1 part per million
(ppm). Even though the expected minimum insulation lifetime is 20 years at the specified working isolation
voltage, VDE reinforced certification requires additional safety margin of 20% for working voltage and 87.5% for
lifetime which translates into minimum required insulation lifetime of 37.5 years at a working voltage that's 20%
higher than the specified value.

Figure 9-13 shows the intrinsic capability of the isolation barrier to withstand high voltage stress over its lifetime.
Based on the TDDB data, the intrinsic capability of the insulation is 1000 Vrms with a lifetime of 1184 years.

(»)
\&/

Vee 1 Vee 2

Time Counter

GND 1 GND 2

()

Oven at 150 °C

Figure 9-12. Test Setup for Insulation Lifetime Measurement
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Figure 9-13. Insulation Lifetime Projection Data

9.3 Power Supply Recommendations

In three-wire mode, to help ensure a reliable supply voltage, Tl recommends that the Cyppp capacitance from
VDDP to VSSP consists of a 0.1-uF bypass capacitor for high frequency decoupling in parallel with a 1 pF for
low frequency decoupling.

In two-wire mode, Tl recommends that the Cyppp capacitance placed from VDDP to VSSP consists of a
220-nF capacitor connected close to the device between the VDDP and VSSP pins. The recommended absolute
capacitance must be 220 nF, so if derating is required, a higher component value can be needed.

Low-ESR and low-ESL capacitors must be connected close to the device between the VDDP and VSSP pins.

9.4 Layout
9.4.1 Layout Guidelines

Designers must pay close attention to PCB layout to achieve optimum performance for the TPSI3050-Q1. Some
key guidelines are:

» Component placement:

— Place the driver as close as possible to the power semiconductor to reduce the parasitic inductance of the
gate loop on the PCB traces.

— Connect low-ESR and low-ESL capacitors close to the device between the VDDH and VDDM pins and the
VDDM and VSSS pins to bypass noise and to support high peak currents when turning on the external
power transistor.

— Connect low-ESR and low-ESL capacitors close to the device between the VDDP and VSSP pins.

— Minimize parasitic capacitances on the Rpxgr pin.

» Grounding considerations:

— Limit the high peak currents that charge and discharge the transistor gates to a minimal physical area.
This limitation decreases the loop inductance and minimizes noise on the gate terminals of the transistors.
Place the gate driver as close as possible to the transistors.
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— Connect the driver VSSS to the Kelvin connection of MOSFET source or IGBT emitter. If the power device
does not have a split Kelvin source or emitter, connect the VSSS pin as close as possible to the source
or emitter terminal of the power device package to separate the gate loop from the high power switching
loop.

» High-voltage considerations:

— To ensure isolation performance between the primary and secondary side, avoid placing any PCB traces
or copper below the driver device. TI recommends a PCB cutout or groove to prevent contamination that
can compromise the isolation performance.

* Thermal considerations:

— Proper PCB layout can help dissipate heat from the device to the PCB and minimize junction-to-board
thermal impedance (0 g).

— If the system has multiple layers, Tl also recommends connecting the VDDH and VSSS pins to internal
ground or power planes through multiple vias of adequate size. These vias must be located close to the IC
pins to maximize thermal conductivity. However, keep in mind that no traces or coppers from different high
voltage planes are overlapping.

9.4.2 Layout Example

Figure 9-14 shows a PCB layout example with the signals and key components labeled.

Figure 9-14. 3-D PCB View

Figure 9-15 and Figure 9-16 show the top and bottom layer traces and copper.

Figure 9-15. Top Layer
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Figure 9-16. Bottom Layer
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10 Device and Documentation Support
10.1 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to order now.

Table 10-1. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER ORDER NOW DOCUMENTS SOFTWARE COMMUNITY
TPSI3050-Q1 Click here Click here Click here Click here Click here
TPSI3050S-Q1 Click here Click here Click here Click here Click here

10.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.

10.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

10.4 Trademarks
TI E2E™ is a trademark of Texas Instruments.
All trademarks are the property of their respective owners.

10.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

Atad

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

10.6 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

11 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TPSI3050QDWZRQ1 Active Production SO-MOD (DW2) | 8 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 13050Q1
TPSI3050QDWZRQ1.A Active Production SO-MOD (DW2) | 8 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 13050Q1
TPSI3050SQDWZRQ1 Active Production SO-MOD (DWZ) | 8 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 13050SQ1

TPSI3050SQDWZRQ1.A Active Production SO-MOD (DW2) | 8 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 13050SQ1

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TPSI3050-Q1 :
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https://www.ti.com/product/TPSI3050-Q1/part-details/TPSI3050QDWZRQ1
https://www.ti.com/product/TPSI3050-Q1/part-details/TPSI3050SQDWZRQ1
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088
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o Catalog : TPSI3050

NOTE: Qualified Version Definitions:

o Catalog - TI's standard catalog product
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http://focus.ti.com/docs/prod/folders/print/tpsi3050.html

PACKAGE MATERIALS INFORMATION
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INSTRUMENTS
www.ti.com 5-Dec-2023
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPSI3050QDWZRQ1 [SO-MOD| DWz 1000 330.0 16.4 |12.05] 6.15 | 3.3 16.0 | 16.0 Q1
TPSI3050SQDWZRQ1 [SO-MOD| DWz 1000 330.0 16.4 |12.05] 6.15 | 3.3 16.0 | 16.0 Q1

Pack Materials-Page 1



PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 5-Dec-2023
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPSI3050QDWZRQ1 SO-MOD DwWz 8 1000 350.0 350.0 43.0
TPSI3050SQDWZRQ1 SO-MOD Dwz 8 1000 350.0 350.0 43.0
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PACKAGE OUTLINE
DWZ0008A SOIC - 2.8 mm max height

SMALL OUTLINE PACKAGE

SEATING PLANE—__|
11.75
PIN 1 ID— 11.25 .
< 3 6x[1.27 —
S N\INENNN 8 F
 — SN 94— -
NN NSNS\
NSRS\
5.05 QR NN ==t - — 2%
575 —— — — AN - - - 381
NOTE3 [ ' '
P Y — —3—==
5
L /) 8x 0.514T ~—|
0.31
7.6
74 8] [ [0.250) [c]A®) ] —{ 2.8 MAX
NOTE4
.
O \
1 ) ] 0.33
T
\ k ] j \I 013 TYP
\
< SEE DETAIL A
{ GAGE PLANE
/
* ]
0’-8 1
0.5 21 DETAIL A
Gg — TYPICAL

4226306/A 09/2020

NOTES:

[N

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Ref. JEDEC registration MS-013

[S20N w N
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EXAMPLE BOARD LAYOUT
DWZ0008A SOIC - 2.8 mm max height

SMALL OUTLINE PACKAGE

8X (1.8) SYMM SEE DETAILS
o | £
| | |
8X (o.e)j ] | LT ] symm
—-—F1 | ]
|
6X (1.27)
- (109) J
LAND PATTERN EXAMPLE
9.1 mm NOMINAL CLEARANCE/CREEPAGE
SCALE: 6X
SOLDER MASK
OPENING
SOLDER MASK
METAL\ OPENING‘\ fMETAL
) 1
! !
e =1
J 0.07 MAX JL 0.07 MIN
™ ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS
4226306/A 09/2020

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 2.8 mm max height

SMALL OUTLINE PACKAGE

DWZ0008A

1
xood

8X (1.8) 4¥_—T SY(LMM
— |
|
|
|
|
|

6X (1.27)

,7,45}
.

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 6X

4226306/A 09/2020

NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

8. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2026, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com
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