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Block Diagrams

Source: The Circuit Designer’s Companion



Linear supply

▶ Input circuit

▶ Transformer

▶ Rectifier

▶ Reservoir

▶ Regulation

▶ Supervision



Switch-mode supply

▶ Rectifier + reservoir

▶ Switcher

▶ Eliminate 50 Hz mains transformer

▶ Substitute by a 100 kHz transformer: less weight and volume

▶ Rectifier + small-value reservoir due to high frequency

▶ Regulation

▶ Supervision



Specifications

▶ Input paremeters
▶ Minimum and maximum input voltage
▶ Maximum input current (surge and continuous)
▶ Frequency range

▶ Efficiency over range of load and line conditions
▶ Output parameters

▶ Output voltage(s)
▶ Load current(s)
▶ Output ripple and noise
▶ Load and line regulation
▶ Transient response

▶ Overload

▶ Turn-on, turn-off

▶ Mechanical parameters

▶ Safety approvals



Commercial power supplies

Linear Power supplies

▶ Fixed / adjustable

▶ Output voltage: 5 V..5 kV

▶ Number of outputs

▶ Output current: 3 mA..50 A

▶ Power rating: 0.5 W..500 W



Linear power supplies



Linear power supplies



Linear power supplies



Switch-mode power supplies (enclosed)



Switch-mode power supplies (enclosed)



Switch-mode power supplies (open frame)



Switch-mode power supplies (PCB mount)



Fuses

Typical time-current curves

Source: The Circuit Designer’s Companion



78XX, 78LXX

7805 Datasheet

https://www.google.es/search?q=7805+datasheet


LM317 adjustable regulator

▶ VO = VREF (1 + R2/R1) + IADJR2

▶ IADJ ≈ 100 µA

LM317 Datasheet

https://www.google.es/search?q=LM317+datasheet


LDO linear regulators

LP38691 Datasheet

http://www.ti.com/lit/ds/symlink/lp38693.pdf


MAX756 Step-Up DC-DC converter

MAX756 Datasheet

https://www.google.es/search?q=MAX756+datasheet


NCP1402 Step-Up DC-DC converter

NCP1402 Datasheet

https://www.google.es/search?q=NCP1402+datasheet


Voltage Doubler

Single cell power supply

http://www.nxp.com/documents/application_note/AN10218.pdf


LT3692a

▶ Monolithic Dual Tracking 3.5A Step-Down Switching
Regulator

▶ Technical Note

https://www.analog.com/media/en/technical-documentation/data-sheets/3692afc.pdf
https://www.analog.com/media/en/technical-documentation/data-sheets/3692afc.pdf
https://www.analog.com/en/resources/technical-articles/monolithic-dual-3a-inputoutput-buck-simplifies-shrinks-dcdc-converters.html


LM2596

3-A Step-Down Voltage Regulator

https://www.ti.com/lit/ds/symlink/lm2596.pdf


Batteries

▶ Electro-chemical reaction

▶ Anode (negative) and cathode (positive) terminals...

▶ ...separated by an electrolyte

▶ Voltage (time, temperature, history ...)

▶ Primary cells (non-rechargeable)

▶ Secondary cells (rechargeable)

Batteries and Accumulators Directive (91/157/EEC)



Design considerations

▶ Use standard types
▶ Voltage and capacity ratings

▶ Nominal open circuit voltage
▶ Real voltage falls as deployed
▶ Capacity C (Ah, mAh)

▶ Discharge
▶ Discharge rate: fraction of C
▶ 1000 mAh battery discharged with constant 20 mA will last 50

hours
▶ Discharge modes:

▶ Constant R
▶ Constant I
▶ Constant P = VI



Series and parallel connections

▶ Series connection
▶ Boost voltage
▶ Less reliability

▶ Parallel connection
▶ Increase capacity
▶ More reliability (with series diodes)



Mechanical considerations

▶ Contact material: nickel-plates steel, stainless

▶ Springy contacts

▶ Multiple-point contacts

▶ Venting of gases



Some typical batteries

Alkaline manganese dioxide

Designation Dimensions (mm)
IEC ANSI Size Voltage Dia or (LxW) Height mAh*

LR03 24A AAA 1.5 10.5 44.5 1150
LR6 15A AA 1.5 14.5 50.5 2850
LR14 14A C 1.5 26.2 50 7800
LR20 13A D 1.5 34.2 61.5 15000
6LR61 1604A PP3 9 26.5 x 17.5 48.5 580

Source: Duracell

http://www.duracell.com/media/en-US/pdf/gtcl/Technical_Bulletins/Alkaline%20Technical%20Bulletin.pdf


Some typical batteries

Lithium manganese dioxide - coin cell

Designation Dimensions (mm)
IEC ANSI Size Voltage Dia or (LxW) Height mAh

CR2016 5000LC 3 20 1.6 90
CR2025 5003LC 3 20 2.5 165
CR2032 5004LC 3 20 3.2 230
CR2430 5011LC 3 24.5 3 280
CR2450 5029LC 3 24.5 5 560

Source: Varta

http://www.varta-microbattery.com/applications/mb_data/documents/sales_literature_varta/HANDBOOK_Primary_Lithium_Cells_en.pdf


Some typical batteries

Silver oxide button cells

Designation Dimensions (mm)
IEC ANSI Size Voltage Dia or (LxW) Height mAh

SR41 1135S0 1.55 7.87 3.6 42
SR43 1133S0 1.55 11.56 4.19 120
SR44 1131S0 1.55 11.56 5.58 165
SR48 1137S0 1.55 7.87 5.38 70
SR54 1138S0 1.55 11.56 3.05 70
SR55 1160S0 1.55 11.56 2.21 40



Energy density

Size V mAh weight (g) volume (ml) Wh/kg Wh/l

AAA 1.5 1150 11 4 126 345
AA 1.5 2850 24 8 143 428
C 1.5 7800 65 27 144 347
D 1.5 15000 138 56 130 322
PP3 9 580 46 23 91 182

Source: Duracell

http://www.duracell.com/media/en-US/pdf/gtcl/Technical_Bulletins/Alkaline%20Technical%20Bulletin.pdf


Discharge profiles

Source: Duracell

http://www.duracell.com/media/en-US/pdf/gtcl/Technical_Bulletins/Alkaline%20Technical%20Bulletin.pdf


Discharge profiles /2

Source: Duracell

Source: Energizer

http://www.duracell.com/media/en-US/pdf/gtcl/Technical_Bulletins/Alkaline%20Technical%20Bulletin.pdf
http://data.energizer.com/PDFs/alkaline_appman.pdf


Secondary cells

▶ Lead-acid
▶ Capacity 1–100 Ah
▶ Nominal 2 V
▶ Open circuit 2.15 V
▶ End-of-cycle 1.75 V
▶ Standard case sizes in 6 V or 12 V

▶ Nickel-cadmium
▶ Capacity 150–7000 mAh
▶ Nominal 1.2 V
▶ Open circuit 1.35–1.4 V
▶ End-of-cycle 1 V
▶ Case sizes same as standard cells
▶ Memory effect: better to fully discharge them

▶ Nickel-Metal-Hydride (NiMH)

▶ Lithium Ion



NiMH

▶ Capacity (×1.4 NiCd). 1800 mAh (AA)

▶ Nominal 1.2 V, open circuit 1.35–1.4 V, end-of-cycle 1 V

▶ Case sizes same as standard cells

▶ No memory effects

▶ Low internal resistance

▶ PP3 (9V) batteries: 8.4 V (or 9.6 V), 200 mAh



Charging NiMH
▶ Continuous charging up to 0.1 C is permissible. 16 hours.
▶ Timer-controlled at 0.3 C.
▶ Smart charging

▶ Delta voltage. Drop of voltage during charge (15 mV)
▶ Monitoring temperature
▶ C/2 (2 to 3 hours) optimum
▶ C only if really necessary

▶ Trickle charging (< C/40) to top off or maintain
▶ Self discharge: 50% in 6 months



Lithium ion

▶ Nominal 3.6 V or 3.7 V, open circuit 4.2 V or 4.3 V,
end-of-cycle 2.5 V

▶ A variety of case sizes

▶ No memory effects

▶ High internal resistance

Source: Panasonic

http://www.panasonic.com/industrial/includes/pdf/ACA4000CE253-NCR18500.pdf


Charging Lithium ion

▶ Panasonic NCR18500 (2000 mAh)

▶ Constant current charging at 0.7 C until v = 4.2 V

▶ Constant voltage charging at 4.2 V until i < 38 mA

▶ Use 4.3 V for other cells. Current threshold as in datasheet!

Source: Panasonic

http://www.panasonic.com/industrial/includes/pdf/ACA4000CE253-NCR18500.pdf


Lithium ion charge controller

LTC3553



Lithium Ion Standard Cells

18650
18mm x 650mm



Lithium Ion Standard Cells
2013 data



Lithium Ion Standard Cells
2025 data


