TREX” TRM1012BS1
= =] IPM datasheet Rev 3.1

TRM1012BS1 is a 1200V/10A three-phase full bridge intelligent power module
with built-in low power loss trench gate field-stop IGBT and FRD,The bootstrap
diode BSD is integrated inside, which simplifies PCB design.The internal
integrated temperature output VOT function is used to detect the temperature
inside the module.The module integrates multiple protection functions,
including UVLO under voltage protection and CIN over current protection. The
module’ sinput with filtering function and compatible with 3.3V, 5V, and 15V

logic input.

MAIN FUNCTION AND RATINGS

Package: DIP29
1200V/10A three-phase full bridge intelligent power module
Built-in Lower power loss trench gate field-stop IGBT
Bottom IGBT with emitter output
Built-in bootstrap diode with current limiting resistor
VOT linear temperature output
Compatible with 3.3V, 5V, and 15V logic input

UVLO under voltage protection, over current protection, over

temperature protection

APPLICATION

inverter air-conditioning compressor drive
Industrial servo converter

High power inverters’ fan and water pump

Motor driver

PART ORDING TABLE

o . Product .
Booking information Package | Freeof Halogen Packing
name
TRM1012BS1 TRM1012BS1 DIP29 Yes Tube
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INTERNAL CIRCUIT
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Figure 1 Internal circuit diagram

PIN ASSIGNMENT
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Figure 2 Pin Configuration
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PIN DEFINITION
Pin Number Pin Name Pin Description

1 VUFS U-phase upper arm drive ground
3 VUFB U-phase upper arm drive power supply
4 VP1 U-phase drive power supply
6 up U-phase upper arm control signal input
7 VWVFS V-phase upper arm drive ground
9 VVFB V-phase upper arm drive power supply
10 VP1 V-phase drive power supply
12 VP V-phase upper arm control signal input
13 VWEFS W-phase upper arm drive ground
15 VWFB W-phase upper arm drive power supply
16 VP1 W-phase drive power supply
18 WP W-phase upper arm control signal input
20 VOT Temperature detection output
21 UN U-phase lower arm control signal input
22 VN V-phase lower arm control signal input
23 WN W-phase lower arm control signal input
24 FO Fault output
25 CFO Fault recovery delay input
26 CIN Over current protection input
27 VNC Control power supply ground
28 VN1 Control power supply
31 NW W-phase lower arm IGBT emitter output
32 NV V-phase lower arm IGBT emitter output
33 NU U-phase lower arm IGBT emitter output
34 W W-phase output
35 V V-phase output
36 U U-phase output
37 P Inverter DCinput
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MAXIMUM RATINGS( Tj= 25°C, unless otherwise noted )
INVERTER PART
Symbol Parameter Condition Ratings Unit
VvCC Supply voltage Applied between P-NU,NV,NW 900
vCC Supply voltage Applied between P-NU,NV,NW 1000
(Surge) (surge)
V
VCES Collector-emitter
1200
voltage
o ol P Each IGBT collector T, =25°C(Tc test method Figure 3) 10
current
A
Tl Each IGBT collector Tc=25°C, pulse width <1ms 20
current (peak)
T Junction temperature | (Note 1) -40~+150 °C

Note 1: The maximum rated junction temperature of the IGBT is 150°C(@T, < 100°C).To ensure the safe
operation of IPM, the junction temperature should be limited to T;,,,) < 125°C (@T. < 100°C).

CONTROL(PROTECTION)PART

Symbol Parameter Condition Ratings Unit

VDB P-side control supply | Applied between 20
voltage UFB-U,VFB-V,WFB-W

VD Control supply Applied between 20 Vv
voltage VPL-VNCVNI-VNC

VIN Input voltage Applied between -0.5~VD+0.5

UP,VP,WP,UN,VN,WN-VNC

VFO Fault output supply Applied between FO -VNC -0.5~VD+0.5
voltage

IFO Fault output current | Sink currentatFO terminal 15 mA

Vsc Current sensing input | Applied between CIN-VNC -0.5~VD+0.5 v
voltage
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TOTAL SYSTEM
Symbol Parameter Condition Ratings Unit

Self protection supply |y -y =135.16.5v, inverter part

voltage limit (Short
VCC(PROT) o ) Tj=125°C, Non-repetitive, less 800 v
circuit protection

. than 2us
capability)

Module case operation Measurement point of Tc is
TC T 30~+100 °C

temperature provided in Figure 3.
TSTG Storage temperature -40~+125 °C

60HZ,Sinusoidal,AC

VISO Isolation voltage 1min,between connected all pins 2500 Vrms

and heat sink plate

Tc MEASUREMENT POINT

control terminal

]

I L.ﬂ L,’J L:J |_’| UDU Te test point

Power terminal

Figure 3 Tc test point

THERMAL RESISTANCE
Symbol Parameter Condition Min. Typ. Max. Unit
Rth(j-c)Q Junction to case thermal | Per!GBT part i 1.2 i K/W
Rth(j-c)F resistance Per FRD part - 1.8 - K/W
Trex Technologies Co., Ltd page 5 of 16
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ELECTRICAL CHARACTERISTICS:  (T;=25¢c, unless otherwise noted)
INVERTER PART

Symbol Parameter Condition Min. | Typ. | Max. Unit
Vj=Vjps = 15V
VIN = SV, IC :lOA, _ 16 2.0 vV
Tj=25°C
Veetsay Collector-emitter V, =V, = 15V
saturation voltage
Vi =5V, I =10A, . 20 . v
Tj=150°C
V=0V, I.=-10A,
Vee FWD forward voltage - 20 2.4 v
Tj=25°C
ton 500 - 1100 ns
V.o = 600V,
tc(on) 100 - 600 ns
torr Vp=Vps =15V, I=10A 1000 - 1600 ns
te(oFR) Switching time (Note2) | v, =0v~5V,inductive | 200 - 600 ns
ty loading 100 | - 500 ns
Eon Switching on loss Ic=10A, Vc =600V, 500 - 2000 w
Vps = V=15V,
Eo Switching off loss 500 - 2000 w
Tj=25°C
I Collector-emitter cut-of f Vee= Vees Tj= 25°C . . 0.1 mA
cEs current Vee= Vees Tj=125°C - - 1 mA

Note2: tyy and tyinclude the internal transmission delay time of the driver IC, tC(ON) and tC(OFF) are
the switching times of the IGBT itself under the internal given gate driving conditions.Please refer to Figure
4 for details.

SWITCHING TIME DEFINITION

torFF
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Switching on Switching off
Figure 4 Switching time definition
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CONTROL(PROTECTION)PART

Symbol Parameter Condition Min. | Typ. Max. | Unit
I, Vo=15V,Vin=5V|  vyp1-UNC - 3 35 | mA
Circuit current UFB-U,VFB -
Vpg = 15V,V) =5V _
log DB IN V.WFB-W 50 150 nA
[IN Input current Vin=5V - 1.0 15 mA
Vsc =0V, FO terminal pulled up to
Veon 5V by 10KQ 48 i i v
Fault output voltage
Vear Vsc =1V, I,,=1.5mA - - 0.3 v
Vsc, TH+ Short circuit trip level Vp =15V 0.44 | 048 | 0.52 Vv
UVpp Trip level - 11 .
UVpe Reset level - 12 -
tection (UV
UVDBR protection (UY) Reset level -l s |-
Fault low effective
Ron,FLT ) - 100 150 ohm
impedance
Fault output pulse Without CFO capacitor
TFO . = 80 = us
width (Tee=10MQ X CFO)
Input signal filterin
TFILIN P g € Vin=0V&5V - 350 - ns
time
CIN Input signal
TCINMIN filtering time Vy=0Vor5V,Vey =5V - | 2000 - ns
VIN(ON) ON threshold voltage Applied between - - 3.0
OFF threshold UP,VP,WP,UN,VN,WN and VNC v
VIN(OFF) 0.8 - -
voltage
Bootstrap Diode = i i imiti
VE p IF=5mA including current limiting . 0.7 . v
forward voltage resistor’ s voltage drop (Figure 5)
Built-in limiting . .
RBS . Including Bootstrap diode - 30 - Q
resistance
Tc=25°C - 11 -
VOT Temperature output Tc=120°C i 355 i v
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Boost Diode V-l CURVE
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Figure 5 Vi-I¢ curve
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RECOMMENDED OPERATION CONDITIONS
Symbol Parameter Condition Min. | Typ. | Max Unit
Applied between
Ve Supply voltage 350 600 800 v
P - NU, NV, NW
Control supply )
Vo Applied between VP1-VNC | 135 15 16.5 V
voltage
Control voltage
AVD,AVDB - -1 - 1 V/us
variation
Top sidesupply | Applied between VUFB - U,
voltage ) :
F hinput signal
Tdead Dead time oreach inputsignal, 2 - - us
Tc<=100°C
f PWM input -20°C<Tc <+100°C . "
P frequency -20°C<Tj<+150°C ) ) z
PWM(on) Minimum ON 1 - - s
ff input pulse
PWM - B,
(off) width OFF 2 us
o Between Vie-NU, NV, NW
Vie V\ variation ) ) -5.0 - +5.0 v
(including surge)
Junction
T; -20 - 125 °C
temperature
MECHANICAL CHARACTERISTICS AND RATINGS
Parameter Conditions Min. Typ. Max. Unit
Mounting .
Mounting screw: M3 - 0.69 - N-m
torque
Heat-sink i o
igure -50 - +120
flatness & Hm
Terminal . .
Control Pin: 49N, PowerPin: 9.8N;
pulling 10 - - s
EIAJ-ED-4701
strength
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FLATNESS MEASUREMENT
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Figure 8 Flatness measurement point

APPLICATION GUIDE
ENHANCED INPUT FILTERING

Enhanced filters can improve the consistency of input/output pulses in the internal modules of HVIC and
help filter out spike interference signals and narrow pulses. Below is a demonstration of classic and

enhanced input filters .

Toow . T,
INPUL el e Lot Lo PRSI o - S e e,
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Figure 9 classic input filter Figure 10 enhanced input filter
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UNDER -VOLTAGE PROTECTION

lower-side control
input

Protection circuit
state

Error output Fo

Supply voltage

Output current

Figure 11 Under-voltage protection timing charts (N-side)

al.Power supply voltage rise: when the voltage exceeds the under voltage reset level, the circuit works in
normal before the next under voltage signal is executed.

a2.Normal operation: IGBT ON and outputs current.

a3.V; level drops to under voltage trip level(UVy).

a4.All N-side IGBTs turn OFF regardless of control input condition

ab.Fo outputs for the period set by the capacitance Cy, but output is extended during V, keeps below UV,,.
ab.V, level reaches UV,,.

a7.Normal operation: IGBT ON and outputs current.

control input

Protection circuit RESET% SET RESET
state S— b e [ (RN ——

High(No Errorlf

ErroroutputFo i . ______ S i S 5 , ..............

Control supply
voltage Vpg

Output current : [/\ H I/\ l

Figure 12 Under-voltage protection timing charts(P-side)

b1. Control supply voltage Vpg rises: after the voltage reaches under voltage reset level UVpg,, IGBT turns on
by the next ON signal(L—H).

b2.Normal operation: IGBT ON and outputs current.

b3.Vys level drops to under voltage trip level (UVyg,).

b4.I1GBT of the correspond phase only turns OFF regardless of the input signal,but there is no F, signal
output.

b5.Vy; level reaches UV,

b6.Normal operation: IGBT ON and outputs current.
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SHORT CIRCUIT PROTECTION

control input __1 S N S I

SET REBET |

Protection circuit ___|

state

IGBT Vg O

Output current I/l

Output current _Lj\‘\\\\ r/l
S| RCdelay

EFfoF OUtPUEFO  ~r—eesmmemeccem e el e oo e i
Figure 13 Short circuit protection timing charts (N-side only)
(N-side only with the external shunt resistor and RC filter)
cl.Normal operation: IGBT ON and outputs current.
c2.Short circuit current detection (SC trigger).
c3.AllN-side IGBT" s gates are hard interrupted .
c4.all N-side IGBTs turn OFF.
c5.Fo outputs. The pulse with of the Fo signalis set by the external capacitor Cg.
¢6. Input= “L” :IGBT OFF.
c7.Input= “H” :IGBT ON,in case of the Fo signal works, the IGBT still OFF.
¢8.IGBT turns off.

Protection Timing Diagram

i

FO >=60uS

CFO /

Figure 14 Over current protection timing charts
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MCU /0 interface Circuit

5V line

DIPIPM
Ur, VP, Wpr,UN,VN,WN

MCU |—e—

3.3kQ (min)

Figure 15 Recommended MCU interface circuit

Note 4: Due to the control method of PWM and the impedance of practical application circuits and PCB

layout, RC decoupling may be different.
Note 5: The logical input should match the standard CMOS or TTL output.

PATTERN WIRING AROUND THE SHUNT RESISTOR

IPM

NU

VYNC NV
NW

Each wiring inductance should be less than 10nH.

Pl

- —

e ., o]

T, W—

Shunt resistors

GND wiring from V¢ should be connected close to
the terminal of shunt resistor

Figure 16 shunt resistor layout
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TYPICAL APPLICATION CIRCUIT DIAGRAM
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c1F o czl : Long wiring here might
X Vne(27) cause shot circuit failure
pa Long wiring here might cause SC ¢
C'N(Zﬁ’l level fluctuation and malfunction.
Long GND wiring here might o }_ — \ D
generate noise to input signal and \ Shunt resistor
cause IGBT malfunction. T A L

contbi BB i N1 Fonar SN Bwiing
Figure 17 typical application circuit
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PACKAGE OUTLINES
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Figure 18 Package outlines

§~ Y COMMON g y COMMON § v COMMON
E 11\3/1 Dimensions millimeter g 1;] Dimensions millimeter g g[ Dimensions millimeter
g E Min = Nom Max gg,? f Min Nom | Max 2’»’ E Min | Nom Max
1 | A 550 | 560 | 570 |22 [(D8)] 275 305 | 335 | 43 (E12) 320 | 3.50 | 3.80
2 | Al 215 | 250 | 285 |23 [(D9)| 275 | 3.05 | 335 |44 E13| 135 | 150 | 165
3 A2 090 @ 1.00 | 1.10 |24 |DIO| 305 @ 325 | 345 45 E14| 1330 | 13.50 @ 13.70
4 | A4 090 | 100 | L10 |25 |DIl| 1.84 | 204 | 224 | 46 EIS| 1258 | 1278 | 12.98
5 |AS 125 | 155 | 185 |26 |[DI2| 220 | 240 | 260 @ 47 [E16| 995 | 10.15 | 10.35
6 | A6 290 | 310 | 330 |27 |[DI3]| - a 0. |48 [E17| 200 | 220 | 240
7 /b | 095 100 | 1.05 |28 |D14] 1.00 @ 120 | 140 | 49 (E18) 1190 | 1220 & 12.50
8 | bl | 055 | 060 | 065 |29 [DIS 220 @ 240 | 260 | 50 (E19) 3.80 | 4.10 | 4.40
9 | b2 195 | 200 | 205 |30 |DI6 142 | 162 | 182 | 51 E20 155 | 175 | 195
10| b3 09 | 1.00 110 [ 31| E| 3085 | 3100 | 3115 | 52 | e | 158 | 178 1.98
11 | b4 0.40 0.50 060 | 32 | EI | 11.20 11.40 11.60 | 53 | el 346 3.56 3.66
12 | bs 140 | 150 | 1.60 |33 | E2 880 | 900 | 920 | 54 | e2 @ 417 | 432 | 447
13| C | 040 | 050 | 060 |34 | E3| 155 | 175 | 195 | 55 |e3 | 158 | 178 | 198
14| D 5235 | 5250 5265 |35 | E4| 670 700 | 730 |56  e4 | 3.00 | 330 | 3.60
15 | DI | 4580 @ 46,00 | 4620 |36 | ES| 255 @ 275 | 295 |57 [ e5 | 300 | 330 | 3.60
16 | D2 3198 | 3228 3258 |37 | E6| 720 @ 740 | 760 |58 | e¢6 | 630 | 660 | 690
17 | D3| 30.18 | 3048 | 30.78 | 38 | E7 | 1530 | 1550 | 1570 | 59 | &7 | 732 | 762 | 7.92
18 | D4 | 3970 | 3990 40.10 | 39 | E8 | 3540 3590 | 3640 60 L | 1220 | 1270 | 13.20
19 | D5 3280 | 3300 | 3320 |40 | E9 1720 | 1770 | 1820 | 61 | L1 | 660 | 7.10 | 7.60
20 | D6 950 | 9.80 | 10.10 | 41 |E10| 1720 1770 | 1820 | 62  Q | 90° 90° 95°
21 | D7 | 1394 | 1424 | 1454 | 42 [(E11) 520 @550 | 5.80
Figure 19 Package dimensions
Trex Technologies Co., Ltd page 15 of 16

http://www.trextech.cn




TREX TRM1012BS1
= =] IPM datasheet Rev 3.1

REVISE HISTORY

Date Version Update detail
2023. 5. 10 1.0 Preliminary version
2023. 6. 13 1.1 Some parameters updated
2023.8. 14 2.0 Some parameters updated
2023. 11.29 3.0 Some parameters updated
2024.1. 31 3.1 Revise history updated

IMPORTANT NOTICE

The information given in this document, especially examples, hints or any typical values stated herein and/or any information
regarding the application of the product, shall in no event be regarded as any warranty of authorization of, express of implied,
including but not limited to accuracy, completeness, merchantability, fitness for a particular purpose or infringement of any third
party's intellectual property rights.

The user are solely responsible for the use of TREX's products and applications, and for the safety thereof. The user shall
comply with all laws, regulations and requirements related to TREX's products and applications, although information or support
related to any application may still be provided by TREX.

The information are intended only for skilled developers designing with TREX's products. TREX reserves the rights to make
corrections, modifications, enhancements, improvements or other changes to the products and services provided. TREX authorizes you
to use these information exclusively for the development of relevant applications designed to integrate TREX's products. Using these
information for any other purpose, or any unauthorized reproduction or display of these resources is strictly prohibited. TREX
Shall not be liable for any claims, damages, costs, losses or liabilities arising out of the use of these resources.

WARNINGS

Due to technical requirements products may contain dangerous substances.

Except as otherwise explicitly approved by TREX Technologies GCorporation in a written document signed by authorized
representatives of TREX Technologies Corporation, TREX's products may not be used in any applications where a failure of the product
or any consequences of the use thereof can reasonably be expected to result in personal injury.

For further information on applications, products and technologies, please contact TREX (www. trextech. cn).

TREX Technologies Corporation
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