N DS U MOSFETSs Used as a Switch ECE 320

MOSFETs Used as a Switch

Problem: Use a MOSFET to turn on and off an LED. Assume the LED draws 20mA at 2V.

Solution: A MOSFET switch is very much like a BJT switch:

+5V
Rd
+
2V LED
D
5V =o0n
0V = off
S

M

R
g (optional)

When VGS = 0V, the MOSFET is off, as is the LED.

When VGS =5V, you want the LED to turn on with 20mA flowing. Rd serves to limit the current to
20mA (if needed). Rg is for safety: it discharges any static on the gate, making sure it's OV when left
floating.

First, pick out your favorite MOSFET. What we need is a MOSFET with an on-resistance less than 150
Ohms:

_ Ips _ 20mA _
Ron =y = 5,5y = 150Q

Going to Digikey (www.digikey.com) and searching for MO SFET's results in 22,000 MOSFET's to
choose from:
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Diserete Semiconductor Produets | MOSFETs, GaNFETs - Single

Current-
Series Manufacturer FET Trpe FET Feature Rds On (Max) @ 14, Vs D "l:':;:;“;‘s'g G Go Vest (9 @1 '3'““":,':; @e
@ C
§ =] [Alpha & Omega Semiconductor Inc = [ Current Sensing f’ - - - f’
- Clare GallFET N-Channel, Gallium Nitride Depletion Mode 0.7 mOhm @ 614, 10V 5V 400mv @ 100pa =l [0.01nC @ 5V
CoolMOS™ Diodes Inc IMOSFET N-Channel, Metal Oxide Dicde (Isolated)  |0.95 mOhm @ 100A, 10V 3V 400mV @ 1mA 0.31nC @45V
Dual Cool™, PowerTrench® Diodes/Zetex MOSFET N-Channel, Schottky. Metal Oxide  |Logic Level Gate |1 mOhm @ 100A. 10V 12v 400mV @ 250pA  [0.60C @ 10V
Dual Cool™, PowerTrench®, SyncFET™  [Diodes/Zetex IMOSFET P-Channel, Metal Oxide Standard 1 mOhm @ 1604, 10V UV 450mV @ 100pA  |0.6nC @ 2.5V
eGall ™ Diodes/Zetex (VA) 1 mOhm @ B0A, 10V 15V 450mV @ 250pA  |0.6nC @ 4.5V
FDmesh™ EPG 1.1 mOhm @ 1004 10V 16V 500mV @ 250pA (060G @ 5V
FETKY™ Fairchild Optoelectronics Group 115 mOhm @ 504, 10V 20v 570mV @ TmA 0.62nC @ 4.5V
FRFET™ Fairchild Semiconductor 1.17 mOhm @ 204, 10V 24v 500mV @ 1.2mA  [0.622nC @ 4.5V
Gigallos™ 2| [Honeywell Microelectronics & Precision Sensors | 12 mOhm @ 154 10V = |25V =l f7omA = [s00my @ 11pA =] |0.65nC @45V =]
I In stock
I Lead free
I” RoHS Compliant
Reset | Apply Filters
‘You have selected 22850 items, spanning 916 pages.
View Page |1
To narrow the search, select
- MOSFET, N Channel
« Through Hole
« In Stock
- 100mA < IDS < 200mA
RdsOn | Draine | Currentc- | Ves | Gare Tnpat
Image | DigiKeyPartNumber | LMUSCRRr | pooiion | Series| Manufacturer | FETType | [ FT1 | (Mayg | Seuree | Comtinuous | (th) | Charge | copqye, | Fomer-|Moundng | Package/ |pg 0, | Quands:
¥ Part Number ; Featwre | °0% | Voltage | Drain @)@ | Olax) | (@92 - Max | Type Case A
L Ves | o o iy £ (Ciss) @ Vds
(Viss) 25 @M | Ves
- vla vla va v[a -|a va va via  v[a va va v[a va vla  v[a v|a v|a va  va ~
P - . - 5 TO-82-3
MOSFETN- MOSFETN. |Logic  |5Ohm @ e p )
' N7000 D26Z  |CE 60V R s Channel  |Level  |S00mA, |60V 200ma g SOpE @25V | soom | eoueh |(tandard | Zapek 2,000
200MA TO-52 emeonductor |yttt Oxide | Gate 10V s Hole “ﬂ ). 10- | Reel (18
’ MOSFET - — MOSFETX. |Lozic  |30hm@ o Theough ,Iso'gzd'id it
2N7000_D26ZCT-ND 2N7000_D26Z CH 60V - 5““‘ " Channel, Level 500maA, [60V 200mA. ;% - S0pF @ 400V | 1““7 ﬁt;n\ﬂ{'o ,C“;\ ape 1 068000
200MA TO-52 emConductor | rer1 Oxide | Gate 10V s =ole j'ﬁ ). 10- 10
’ (MOSFET N- Fairchild MOSFET N- |Logic 5 Ohm @ wa Through /ISO'“; d
INTO00FS-ND 287000 CH 601 - arc Channel,  [Level 500mA. |60V 200mA Ve S0pF @ |400myy | [wough (Standar Bulk 176,25 1 042000
. " ImA Hole Bodv), TO-
Metal Oxide |Gate 10V e
MOSFET X- MOSFETN- |Logic | 16O wa Throush ’Isorgfd
ZVNO124A-ND ZVNOL24A CHAN 240V |- Diodes/ Zetex annel  |Level z 240V 160mA. Ve 700mw | [reugh |(Standary Butk 4,000 1 0.72000
5. 1 230mA. ImA Hole Body), TO-
T0023 Metal Oride |Gate b e

Selecting the third on (it's in stock, costs $0.42 each, has an on resistance of 5 Ohms) gives you the

pricing information:

Afl prices are in US dollars

Digi-Key Part Number | 2N7000FS-ND Price Break Unit Price Extended Price

1 0.42000 0.42

Quantity Available |17 0.30200 302

B : 0.17810 17.81

Manufacturer (Fairchild Semiconductar 0.12600 3150
Manufacturer Part Number |2N7000 010050
0.08568
Deseription | MOSFET N-CH 60V 200MA TO-22 0.07728
0.06720
Lead Free Status / RoHS Status |Lead free ' FoHS Compliant 0.06048

Item Number Customer Reference

Quantity

[ 2NT000FS-ND =] |

Add to Order

Imaze shownis a representation only.

Exact specifications should be
obtained from the product data sheet.

Click on the data sheet and you get the technical specs for this MOSFET:
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TO-92
2N7000

iAbsolute Maximum Ratings

SOT-23
(TO-236AB)
2NT7002/NDS7002A

T, = 25°C unless otherwise noted

Symbol Parameter 2N7000 2N7002 NDS7002A Units
Vioes Drain-Source Voltage 60 W
Voer Drain-Gate Voltage (Ry, < 1 MQ) 60 v
Vass Gate-Source Voltage - Continuous +20 W
- Non Repetitive (tp < 50ps) +40
[ Maximum Drain Current - Continuous 200 115 280 mA
- Pulsed 500 800 1500
Py Maximum Power Dissipation 400 200 300 mw
Derated above 25°C 32 1.6 24 mW/°C
T, Ters Operating and Storage Temperature Range -55 to 150 -65 to 150 °C
T Maximum Lead Temperature for Soldering 300 °C
Purposes, 1/16" from Case for 10 Seconds
THERMAL CHARACTERISTICS
ReuA |Thermal Resistance, Junction-to-Ambient | 3125 | 825 | 417 ‘ “CW

We're operating at +5V and 20mA. This MOSFET can take +/- 20V and 115mA, so it will work.

To analyze this circuit, we need to know VTN and Kn, however. On page 2 of the data sheets, the

following is given:

Rosong Static Drain-Source On-Resistance
At

« VGS=5.0V

« ID=50mA

+  RDS = 1.7 Ohms (nominal)

This lets you solve for Kn:

L_ID—S=Kn(VGS—VT -

Rps ~ Vps

O g :K,,(SV—z— :

Ves =10V, I = 500 mA 2N7000 12 0
T,=125°C 19 | o9

Ves =45V, Ip = 75 mA 18 | 53

Ve =10V, I, = 500 mA 2N7002 12 | 75
T,=100°C 17 | 135

Ve = 5.0V, Ip = 50 mA 17 | 75
T,=100C 24 | 135

(50mA)(1.7Q)

M)
2

)
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Kn = 0.1989
Assume Rds = 1.7 Ohms. Then
Ry = 252 = 1500

20mA
Rue: =Rps+Ry
R.,=148.3Q

(plus or minus 5%. We have 5% tolerance resistors in lab.)

Assume you have a 148.3 Ohm resistor. Find the approximate (Vds, Ids)

When ON, the MOSFET is approximately 1.7 Ohms

[ = 5V-2V
ds = \ 148.3Q+1.7Q

1 ds = 20mA

Find the actual resistance using the MOSFET model with Kn =0.1989 A/V2

The Mosfet gives us one equation for two unknowns:

de

Ly = Kn(vgs Vi — T) Vs

2

i = 0.1989(5 —2- Vdf) Vs

The circuit gives the second equation

Vas =3 —148.31 4
This is a quadradic with two solutions:
Vds = { 0.0337V, 6.0341V }

The one close to zero is the correct one:
Vds =33.7mV
Ids = 20.002mA

Taking the ratio:

Rds = Vds / Ids = 1.6854 Ohms

The actual resistance when on isn't exactly 1.7 Ohms, but it's pretty close.
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Note that you can power just about anything you like with this MOSFET, providing that
« 1.7 Ohms is small relative to the resistance of what you're driving (150 Ohms in this case),
» The net current flow is less than 115mA continuous, 800mA pulsed (from the data sheets),
+ The power supply you're using is less than 60V. The maximum VDS = 60V for this MOSFET.

It also takes some time for the MOSFET to turn on. The capacitance is (from the data sheets)
C GS — 20pF
Cps=11pF

Likewise, when you turn the MOSFET off, the capacitor charges up to +5V as

Vps =5V (1 —exp (R_—é))
or
RC = (150Q)(11pF) = 1.6ns
In three time constants, you're at 95% of 5V:

e =0.05

(7) =3
t=3RC =4095ns

It takes about 5 nanoseconds to turn the LED on, and 5 nanoseconds to turn it off with this MOSFET.
The maximum frequency is likewise I00MHz ( 1/ 10ns).

MOSFETs are fast relative to BJT transistors.

If you need to power a bigger device, use a bigger MOSFET. For example, doing the same search in
Digikey but looking for a MOSFET that takes 8A results in a slightly more expensive MOSFET ($1.51
each):
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All prices are in US dollars.
Digi-Key Part Number | 865-1043-ND Price Break Unit Price Extended Price
Quantity Available 142 L 131000 Dl
25 1.20400 30.10
Manufacturer |SANYO Semiconductor (17.8.A) Corporation 100 105.35
Manufacturer Part Number | 2SEA096LS 250 i 25113
300 0.81700 408.50
Description | MOSFET N-CH 500V §A TO-220F1 1000 0.61500 615,00
Lead Free Status / RoHS Status |Lead free ' RoHS Compliant 2,300 0.60200 1.505.00
Quantity Item Number Customer Reference
1042 Image shown is a representation only.
[ 869-1043-MD x| | Add to Order el i e it
obtained from the product data sheet.
with one table from the data sheets:
Electrical Characteristics at Ta=25°C
” Ratings .
Parameter Symbol Conditions - Unit
min typ max
Drain-to-Source Breakdown Voltage V(BR)DSS ID=10mA, Vas=0V 500 \%
Zero-Gate Voltage Drain Current IDss Vps=400V, Ves=0V 100 uA
Gate-to-Source Leakage Current Igss VGas==30V, Vpg=0V =100 nA
Cutoff Voltage Vag(off) Vps=10V, Ip=1mA 3 5 A
Forward Transfer Admittance |yf5 Vps=10V, Ip=4A 2.2 4.5 S
Static Drain-to-Source Cn-State Resistance Rps(on) Ip=4A, Vas=10V 0.65 0.85 Q
Input Capacitance Ciss Vps=30V, f=1MHz 600 pF
Output Capacitance Coss Vps=30V, f=1MHz 130 pF
Reverse Transfer Capacitance Crss VpDs=30V, f=1MHz 28 pF
Turn-ON Delay Time te(on) See specified Test Circuit. 18.5 ns
Rise Time tr See specified Test Circuit. 46 ns
Turn-OFF Delay Time tg(off) See specified Test Circuit. 75 ns
Fall Time tf See specified Test Circuit. 33 ns
Total Gate Charge Qg VDs=200V, Ves=10V, ID=8A 24 nC
Gate-to-Source Charge Qgs Vpg=200V, Ves=10V, Ip=8A 4.5 ncC
Gate-to-Drain “Miller” Charge Qgd Vps=200V, Ves=10V, ID=8A 14 nC
Diode Forward Voltage Vsp I5=8A, VEs=0V 0.9 1.2 \%

Note that this device
+ Can turn on and off devices which take up to 8A and 500V
« Has an on-resistance of about 0.65 Ohms
Vs needs 10V to be on. The off voltage (V) is between 3V and 5V.

It's also a bit slower: it takes 18ns (turn-on delay) or 75ns (turn off delay) to turn on and off. That's still
really fast relative to a BJT.
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