
TI Confidential – NDA  

Power Modules… 

How we build them and why you need them 

 

Steve Goacher, s-goacher@ti.com   

 

www.ti.com/powermodules  

 

 

1 

mailto:s-goacher@ti.com
mailto:s-goacher@ti.com
mailto:s-goacher@ti.com
http://www.ti.com/powermodules


 

• Why Modules?  
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What are Power Modules? 

DC/DC Converter that integrates Controller, FETs and Inductor into single 

package 

• Simplifying and reducing BOM 

 

Simplifies Power Management  design  

• Faster time to market 

• Do not need to be Power Expert 

• Guaranteed Performance to critical specs 

• Smaller Solution Size 

• Fewer parts to procure 

• Reliable w/ proven specs, EMI, MTBF 

 

TPS82085 TPS62085 

65mm2 35mm2 
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What is a Power Module: LMZ36002 example 

Integrated Programming 

Components 

(Bypass, Comp, Freq, SS) 
High Performance 

Inductor 

Power Pads - superior 

thermals 

Solid Copper 

Leadframe  

NiPdAu Plating 

Pin Edge Copper -

solder fillet forming 

Integrated Power Stage - 

Fully Tested 

All Signals Accessible 

from Perimeter 
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Modules Save Up to 40% Board Area 

Discrete  Module 

TPS7A37 

LDO 

LMZ20501 

49mm2 65mm2 

LM46002 LMZ36002 

288mm2 196mm2 65mm2 35mm2 

TPS82085 TPS62085 
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Easy to Use 

• No inductor selection or design equations 

• Lower BOM count 

• Optimized PCB layout with little effort 

• Thermal performance already characterized 

• EMI tested 

TPSM84A21 TPS54A20 LMZ36002 
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EMI Performance 
LMZ31506 (yellow box) – No 

Filter Used 

CISPR  Class A  10m 

CISPR  Class B  10m 

LMZ31506 
Vin = 12V 

CISPR  Class A  10m 

CISPR  Class B  10m 

LMZ31503 
Vin = 12V 

CISPR  Class A  10m 

CISPR  Class B  10m 

LMZ30604 
Vin = 5V 

Modules Compliant with EN55022 Class B radiated 

emissions without additional filtering 

Use shielded inductor 

Graphs include the plots of the antenna in the 

horizontal and vertical positions. 
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Product Quality  

DPPM/MTBF/FIT Rate Provided 

3X Reflow 

Lead Free/Green Product 

Attractive MSL Rating and Reflow Temp 
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Thermal Performance 

• Full-Rated Current 

Available at Ta = 85°C 

 

• Low Thermal Resistance 

(Theta-JA): 12-13°C/W 

 

• Low Temp Rise 

– LMZ30606: 22.8°C rise (5V – 

3.3V @ 6A, no airflow) 

– LMZ31506H: 30.1°C rise (12V 

– 3.3V @ 6A, no airflow) 

LMZ30606 (Low-Vin 6A) 

 

LMZ31506H (Mid-Vin 6A) 

 
LFM = 0 

VIN = 12 

VOUT = 3.3 

IOUT = 6 

Ta=28.8°C 

Tmax = 58.9°C 

Only 30.1C rise w/o airflow 

Only 22.8C rise w/o airflow 

LFM = 0 

VIN = 5 

VOUT = 3.3 

IOUT = 6 

Ta=23.5°C 

Tmax = 46.3 °C 
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QFN Advantages vs. LGA & BGA 

• Better Thermal Efficiency in 40% Smaller 

Package 

 

• Access to Signal Pins 

– Pins on Outside 

– Easy to route Signals, Vias, Power 

– Easy to inspect solder joints 

 

• High Temp Reflow 

– QFN capability for 260°C 

 

QFN 

LGA 

BGA 
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Module Design Techniques Reduce Solution Size 

• Several different techniques used to put the Inductor over the top of the IC and discrete 

components 

– Reduces X/Y Area 

– Typically something that is difficult to do in system design 

• MicroSiP devices have IC Embedded into PCB 

Open Frame QFN Leaded Embedded Overmold QFN 
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Leaded Power Module Package Details 

Ease of Prototyping and Manufacturing 
 

• Standard size and lead pitch  
– Same pick and place manufacturing as TO-263 package 

– 7 & 11 Pin Families 

• Simpler mounting for customer 
– Easier to mount than BGA, etc. 

– Single DAP allows easy prototyping in lab with a single soldering iron 

• Logical Pin-out makes good PCB layout easy 

• Enclosed, molded package 
– Moisture, particle immune 

• Higher Reliability 
– Fewer External Components 

– Excellent Thermal Performance 

   (lower Temp = higher reliability) 
 

 

Vout Vin 

GND 

12 



TI’s Power Module Portfolio 

Soon 

New 

TPS82695 
4.35V, 500mA 

TPS8267X 
4.8V, 600mA* 

TPS82697/98 
4.8V, 800mA 

LMZ14201/2/H 
6-42V, 1/2A 

LMZ12001/2 
4.5-20V, 1A/2A 

LMZ10501 
5.5V, 1A 

LMZ21701/00 
3-17V, 650mA / 1A 

LMZ20501/02 
5.5V, 1A / 2A 

TPS8268090/105/150 
5.5V, 1.6A 

LMZ35003 
7-50V, 2.5A 

LMZ30602 
6V, 2Av 

3 A 

1 A 

LMZ12003 
4.5-20V, 3A 

LMZ14203/H 
6-42V, 3A 

LMZ23603/5 
6-36V, 3A/4A 

LMZ31503 
4.5-15V, 3A 

LMZ31506/H 
4.5-15V, 6A 

LMZ22003/5 
4.5-20V, 3A/5A 

LMZ30604/6 
6V, 4A/6A 

LMZ31704 
2.95-17V, 4A 

7 A 

LMZ31707/10 
2.95-17V, 7A/10A 

LMZ12008/10 
6-20V, 8A/10A 

LMZ23608/10 
6-36V, 8A/10A 

LMZ13608/10 
6-36V, 8A/10A 

14 A 

TPSM846C23 
15V, 35A, PMBus 

PTH04040W 
3.3V/5V, 60A 

PTH08T250W 
4.5-14V, 50A 

50 A 

LMZ22008/10 
20V, 8A/10A 

6V 20V 

TPS82085 
6V, 3A 

TPS82740 
5.5V, 0.2A 

TPS82084 
6V, 2A 

LMZ36002 
4.5-60V, 2A 

TPS82130 
3-17V, 3A 

Open Frame 

QFN 

SIP/SIL 

Leaded 

LMZ34002 
40V, 2A (Neg) 

TPS81256 
Boost, 400mA* 

PTH05T210W 
5.5V, 30A 

17V 

Embedded Leaded QFN OpenFrame 

LMZ10500 
5.5V, 0.65A 

LMZ34202 
4.5-42V, 2A 

TPSM84A21/2 
8-14V, 10A 

LMZ31520/30 
3-15V, 20A/30 

LMZ12003 
4.5-20V, 3A 

LMZ22003/5 
4.5-20V, 3A/5A 

LMZ12008/10 
6-20V, 8A/10A 

LMZ22008/10 
20V, 8A/10A 

36V 42V 50V 60V 
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TPSM84A21/TPSM84A22 

TPS82084/TPS82085 

Featured Power Modules 

TPS82130 LMZ31704/LMZ31707/ 

LMZ31710 

 Vin Range: 2.5 to 6Vin 

 Iout Range: 2A/3A 

 Package Size: 2.8 x 3.0 x 1.3mm 

 Efficiencies to 95% 

LMZ23608/LMZ23610 LMZ36002 

 Vin Range: 3.0 to 17Vin 

 Iout Range: 3A 

 Package Size: 2.8 x 3.0 x 1.5mm 

 Light Load efficient 

 Vin Range: 4.5 to 17VIn 

 Iout Range: 4A/7A/10A 

 Package Size: 10 x 10 x 4.3mm 

 Parallelable. Light Load Eff 

 Vin Range: 8 to 14Vin 

 Iout Range: 10A 

 Package Size: 9 x 15 x 2.3mm 

 Only 1 external component (Vset) 

 Vin Range: 6 to 36V 

 Iout Range: 8A/10A 

 Package Size: 15 x 15 x 4.6mm  

 Simple PCB Layout 

 Vin Range: 4.5 to 60Vin 

 Iout Range: 2A 

 Package Size: 10 x 10 x 4.3mm 

 Guaranteed EMI 
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Module Packages from TI 
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PT6725 
62x31x10.6mm 

Inductor = 11% volume 
18x15x8.4mm 
350kHz, 10mΩ, 2.2uH 

Ferrite Drum, Round Wire Self Term 

PTH12050 
22 x 13 x 8.5 mm 

Inductor = 11% volume 
7x7x5mm 
350kHz, 6mΩ, 1.5uH 

Powder Iron, Edge Wound Wire Self Term 

LMZ31506 
15 x 9 x 2.8 mm 

Inductor = 25% volume 
7x6.5x2.1mm 
500kHz, 13mΩ, 1.1uH 

Molded Powder Iron, Round Wire on LF Term 

TPS82130 
2.8 x 3 x 1.5 mm 

Inductor = 45% volume 
3.0 x 2.8 x 1.5 mm 
2MHz, 35mΩ, 1.0uH 

Molded Powder Iron, Flat Wire, Plated Term 

TI POL Module Evolution 

Module Density 
Over Time 

FREQUENCY INTEGRATION PACKAGING MAGNETICS 

REDUCTION 

250x Module 

70x Inductor 
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Ultra High Density. Much smaller vs Discrete 

Deep Dive: Embedded (uSIP, Nano) 

Process Flow 

EmbedSMT 

TPS82085, TPS82130 

2.8 x 3 x 1.3 / 1.5 mm 

2.5-6V, 2.7-17V, 3A 
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TECH CHOICE CUSTOMER IMPACT 

3D, low to mid cost assembly 

MSL2/3, 260°C 

uSIP LGA, 0.65mm pitch 

θJA = ~70°C/W 

2.8mm2/A, 4.2mm3/A 

Open Frame, FR Laminate 

Embedded, Die up or Die down 

SMT components 

MultiLayer or Molded inductor 

0.1-3A (so far…) 
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Deep Dive: Leaded 

Process Flow 

FCOLLF BondSMTMold 

LMZ14203 

10 x 14 x 4.3 mm 

6 - 42V, 3A 
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Extreme High Ease of Use. 3D Construction reduces solution size vs discrete  

TECH CHOICE CUSTOMER IMPACT 

Overmold 200um dual LF 

High flux thermal pad 

FCOL between leadframes 

SMT components (on top LF) 

Molded inductor 

1-10A+ 

3D, mid-cost assembly 

MSL3, 245°C 

TO Style, 1.27mm pitch 

θJA = 19.3°C/W 

46mm2/A, 200mm3/A (wide Vin) 
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Deep Dive: Leadframe based QFN 

Process Flow 

LeadframeSMTMold 

LMZ31530 

15 x 16  5.8 mm 

4.5-15V, 30A 

LMZ31710 

10 x 10 x 4.3 mm 

2.7-17V, 10A 
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High Ease of Use and High Density vs Discrete Solution 

TECH CHOICE 

Overmold, 200um LF, 

High thermal flux customer pads 

Pre-packaged, tested silicon 

SMT components 

Molded inductor (2D and 3D) 

3-30A+ 

CUSTOMER IMPACT CUSTOMER IMPACT 

3D, low cost assembly 

MSL3, 260°C 

QFN, 0.8mm pitch 

θJA = 13.3°C/W 

10mm2/A, 43mm3/A 

3D, low cost assembly 

MSL3, 260°C 

QFN, 0.8mm pitch 

θJA = 8.6°C/W 

8mm2/A, 46mm3/A 
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Ultra High Density. Large Number of integrated components  

Deep Dive: Laminate based QFN 

TPSM84A21/TPSM84A22 

15 x 9 x 2.3 mm 

8.0-14V, 0.55 – 2.05V, 10A 
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TECH CHOICE CUSTOMER IMPACT 

Process Flow 

LeadframeSMTMold 

Overmold, 500um Laminate, 

Thermal flux customer pads 

Pre-packaged, tested silicon 

SMT components 

Molded inductor (2D and 3D) 

2D, low cost assembly, Integrated 

Cin/Cout, MSL3, 260°C 

QFN, 0.8mm pitch,  

θJA = 14.9°C/W 

13.5mm2/A, 31mm3/A 
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Deep Dive: Laminate Open Frame QFN 

TPSM84C23 

15 x 16 x 5.9 mm 

4.5 – 15V, 0.35 – 2.0V, 35A (70A), PMBus 
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TECH CHOICE 
CUSTOMER IMPACT 

Process Flow 

LeadframeSMTMold 

500um Laminate, 

Thermal Flux Customer Pads 

Pre-packaged, tested silicon 

SMT components 

Molded inductor (3D) 

3D, low cost assembly,  

MSL3, 260°C 

QFN, 0.8mm pitch 

θJA = 8.7°C/W 

6.9mm2/A, 40mm3/A 

High Ease of Use and High Density vs Discrete Solution 
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A Range of Module Options  

 

• Several different types of manufacturing approaches to choose from when developing a new module 

• All offer the ability for reduced X/Y area by stacking the Inductor 

• All offer excellent MSL3 or better and most support 260°C reflow capability 
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Design Tools… 



The [NEW] Modules SITE on TI.com 

Featured Documents 

New and Improved Landing Page 

TI Designs, videos, blogs and more! 
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Access WEBENCH From TI.com 

Enter Power Requirements 
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Press here for Device/Device 

Comparisons 



Select Power Supply Solution 

 

For this example click here 
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Narrow results further by applying additional 
filters 

Synchronous rectification 

Regulator 

Module 
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LMZ36002 and LM46002 Comparison 

LMZ36002 
LM46002 
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Some Great Products… 
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TPSM84A21/TPSM84A22  
VIN 8 - 14V, VOUT 0.55 - 2.05V @ 10A 4MHz Output, Fully Integrated 

SWIFT™ Step-Down Module 
Features 
• 4 MHz effective switching frequency 

• Integrated Input and output capacitors  

• Adjustable output voltage using VADJ pin with a single 

resistor 

• Fast transient response with less than 3% total VOUT 

deviation  

• Fixed frequency steady-state operation  

• Low EMI & external SYNC capability 

• Adjustable current limit; hiccup restart 

• 15 x 9 x 2.3mm power module size 

 

Benefits 
• High power density  

• Easy to Use: Only One External Component 

• Low profile supports backside board mounting 

• Meets Class B EN55022 Emissions 

Applications 
• Backside board mounting (<2.3mm height) 

• Telecom base station and communications infrastructure 
equipment 

• Storage, SSD, DDR memory, switches, hubs, routers & 
other networking  equipment 

 

P/N Adj. VOUT  Range 

TPSM84A21 0.55 – 1.35V 

TPSM84A22 1.2 – 2.05V 

15 x 9 x 2.3mm  

NEW 
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TPSM846C23 
4.5V-15Vin, 35A Stackable SWIFT™ Power Module with Differential  

Remote Voltage Sense: Options with PMBus™  

• Input Voltage Range 4.5V-15V  

• Output Voltage Range 0.35V to 2V  

• 2X stackable with current sharing: 35A per Phase 

• Full 35A w/ natural convection at 50’C Ambient 

• Voltage mode control with input feed forward 

• Fully differential remote voltage sense 

• CLK Sync-in/Sync-out capability 

• PMBus v1.3 Command Set with Telemetry 

• 64-pin QFN Pkg– 15 x 16 x 5.8mm 

• Supports 5V and 12V Input Supplies 

• Optimized for low core voltage requirements 

• Modular, scalable power up to 70A   

• Fast Line transient response 

• 0.5% Vref accuracy 0 to 85’C Tj; 1% -40 to 125C Tj 

• Fixed Frequency and Low EMI/EMC 

• Maximum configurability & Design flexibility via PMBus 

• +/-15% Iout; +/-2% Vout & +/-5’C Internal Temp 

Applications 
• Telecommunication & Networking Equipment 

• Industrial, Test & Measurement 

• Enterprise Storage and Video Broadcasting 

• ASIC, FPGA and DSP Power 

 

Features Benefits 

In-Development 

RTM: 2Q17 

15 x 16 x 5.8mm 

P/N PMBus 

TPSM846C23 Yes 
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LMZ36002 & LMZ34202 (based on LM46002) 
4.5V to 60V Input, 2-A Synchronous Buck Module 

• Small 10 x 10 x 4.3mm QFN package  

• Integrated shielded inductor and  passives 

encapsulated on leadframe 

• Adjustable Fsw 200kHz – 1MHz, Soft-Start, UVLO  

• Inhibit, Pre-bias Startup, Frequency Sync, Power Good 

• Pin-Pin Compatible 42V and 60V Vin Options 

• Meets EN55022 Class B Emissions 

• -40C to 105C Ambient 

Applications 
Wide Range of Applications 

• Automated Test and Measurement  

• Medical & Imaging  

• Industrial and Motor Control 

• High Density Power Systems  

Features Benefits 

Part # Vout Iout 

LMZ36002 2.5V – 7.5V 2A 

LMZ34202 2.5 – 7.5V 2A 

10 x 10 x 4.3 mm 

• Simple Design Procedure – Only 3 External 
Components Required 

• Small Integrated Inductor Solution: Total Solution size 
as low as 205mm2 

• Low Power Dissipation with only 14°C/W ӨJA 

• Provides Design Flexibility of a Discrete Solution 

• LMZ36002: Efficient 24/48V systems w/ 60V max surge 

 

NEW 
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• 3.0 x 2.8 x 1.3mm package with integrated inductor 

• VIN = 2.5V to 6V / VOUT = 0.8V to VIN (adjustable) 

• 100% Duty Cycle 

• 17µA Quiescent Current, 0.7µA Shutdown Current 

• Up to 95% Efficiency w/ Power Save Mode for Light Load 

Efficiency 

• 1% VREF accuracy 

• Power Good Output plus Capacitor Discharge 

• -40°C to 125°C module operating temperature range 

TPS82085 & TPS82084 
3A/2A Buck Converter with Integrated Inductor 

Bottom 

TOP 

• Easy to use Point of Load 

• Datacom / Telecom & Wireless Infrastructure 

• Storage/ SSD 

• Test & Measurement 

• Portable industrial and medical 

Features Benefits 

Applications 

• Small, low profile solution for small form factor 

applications 

• Easy to use, proven solution 

• DCS-Control Topology maintains an accurate output 

voltage at fast line and load transients plus a seamless 

transition between PWM and power save mode 

3.0 x 2.8 x 1.3 mm 
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• 3.0 x 2.8 x 1.5mm MicroSiPTM package with integrated 

inductor 

• 3V to 17V Input Voltage Range 

• DCS-Control™ Topology 

• Power Save Mode for Light Load Efficiency 

• 100% Duty Cycle 

• 20µA Quiescent Current 

• Power Good Output plus Capacitor Discharge 

• Adjustable Output Voltage & Programmable Soft Startup 

• -40°C to 125°C operating temperature range 

TPS82130 
12V 3A Step Down Converter with Integrated Inductor 

• General Purpose POL 

• Data Card 

• Network Switcher, Line Cards 

• SSD 

Features Benefits 

Applications 

• Small, low profile solution  

• Save 50% PCB area, comparing with discrete solution 

• Easy to use 

34 

3.0 x 2.8 x 1.5 mm 
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Thank  You… 
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Small Solution Size 

Power Modules Simplify Design 

Broad Portfolio Easy to Use 

 Input Voltages up to 60V 

 Output Currents up to 50A 
 Simple Design 

 Best in Class Thermals 

 Reliability Data 

 Smaller solution size vs discrete 

 Minimal external components 

 

Design Tools High Density Solutions Proven EMI Performance 

 High Density QFN & SIL/SIP Pkg 

 Rugged Leaded Packaging 

 Pin-to-Pin Compatible Families 

 Meet EN55022 Class B 

Emissions  WEBENCH Enabled 

 FPGA Power Architect Enabled 

 



Primary Power Module Technologies 

• Standard QFN Package 

• ‘Feature Rich and 

Flexible’ solutions 

• Vin up to 60V 

• Iout up to 35A (70A w/2) 

 

• SIMPLE SWITCHER 

products 

• Ease of Prototyping and 

Manufacturing 

• Standard Size/Leadpitch 

• Vin up to 42V 

• Iout up to 10A 

• Power IC integrated into 

PCB 

• Smallest solution size 
• As small as 2.3x2.9x1.1mm 

• Vin up to 17V 

• Iout from 200mA to 3A 

 

Embedded Solution Leaded Module QFN Module 
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High Density 
Discrete  Module 

LM46002 LMZ36002 

288mm2 196mm2 65mm2 35mm2 

TPS62085 TPS82085 

http://www.ti.com/product/LM46002?HQS=app-bsr-ccp-emeawebinars-adh-pf-eu
http://www.ti.com/product/LMZ36002?HQS=app-bsr-ccp-emeawebinars-adh-pf-web18-eu
http://www.ti.com/product/TPS62085?HQS=app-bsr-lpdc-emeawebinars-adh-pf-web18-eu
http://www.ti.com/product/TPS82085?HQS=app-bsr-lpdc-emeawebinars-adh-pf-web18-eu


TI Module Packages 
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Leaded  QFN Embedded 
Family LMZ1 / LMZ2 LMZ_3 / TPS_84 TPS_82, LMZ_1 / LMZ_2 

Package 

Outline 

TO-Style QFN Style BGA / LGA (QFN-like) 

Description 

TO-Style pinned package 

Dual Copper Leadframe 

7 and 11 pin versions 

Large Single Thermal Pad 

QFN-Style pinless package 

Single Copper Leadframe 

Size optimized package 

Multiple Thermal Pads 

LGA QFN sim’d pinless package 

Embedded die in FR Laminate 

Highest density package 

LGA or BGA pads 

Strengths 

All Signals Accessible 

Family group Pin to Pin Compatibility 

Superior Thermals / Product Lifetime 

EMI-Friendly (EN55022 Class B) 

Hand Solder Prototyping  High Density Ultra High Density 



TPS82130 
Discrete Solution vs Module 

Solution size: 227 mm2 Solution size: 42 mm2 Solution size: 95 mm2 

Discrete Solutions Module Solution 

Efficiency is compromised a little for smaller solution size. 

Using same inductors would provide a similar efficiency. 

Lower Switching Frequency and external compensation 

allows optimizing the efficiency at one particular sweet spot 

http://www.ti.com/product/TPS82130?HQS=app-bsr-null-emeawebinars-adh-pf-web18-eu

