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ABSTRACT

This project deals with electrical power system for electrical appliances from
solar energy. The system includes solar cell panels, battering charging control
system, AC/DC converter as a electrical power source for AC electrical appliances. As
well as a switching circuit to switch from battery electrical power source to
household electrical power source in the case of low electrical power from the
battery.
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Data Sheet

|
5.6A, 100V, 0.540 Ohm, N-Channel Power
MOSFET

This N-Channel enhancement mode silicon gate power field
effect transistor is an advanced power MOSFET designed,
tested, and guaranteed to withstand a specified level of
energy in the breakdown avalanche mode of operation. All of
these power MOSFETs are designed for applications such
as switching regulators, switching convertors, motor drivers,
relay drivers, and drivers for high power bipolar switching
transistors requiring high speed and low gate drive power.
These types can be operated directly from integrated
circuits.

Formerly developmental type TA17441,

Ordering Information

PART NUMBER PACKAGE BRAND

IRF510 TO-220AB IRF510

NOTE: When ordering, include the entire part number,

IRF510

January 2002

Features
* 5.6A, 100V

* Ipg(oN) = 0.540Q

* Single Pulse Avalanche Energy Rated
* SOA is Power Dissipation Limited

* Nanosecond Switching Speeds

¢ Linear Transfer Characteristics

* High Input Impedance

* Related Literature

- TB334 “Guidelines for Soldering Surface Mount
Components to PC Boards”

Symbol

Packaging

JEDEC TO-220AB

e

DRAIN (FLANGE)

SOURCE
DRAIN
GATE

©2002 Fairchild Semiconductor Corporation

IRF510 Rev. B



IRF510

Absolute Maximum Ratings T = 25°C, Unless Otherwise Specified

IRF510 UNITS
Drain to Source Voltage (Note 1), ...\ o. ittt e e it Vps 100 v
Drain to Gate Voltage (Rgs = 20KS2) (NOte 1) . ..o o vttt i i e i Vpar 100 Y
Contintiols Drain: CUMBNY <o va vogmmmna o SEeErsaE 5 S0 ETE0T 55 05 $5500008 oe ma sies puans aor s Ip 5.6 A
Tg= 1000 L Ip <4 A
Pulsed Draln CUITNEINOIE B) vum cumw e o sm i o i s o8 mh o Visiem worisam s Ipm 20 A
Gate 10 SoUrce VOIAGE . .. ..o i e e Vas %20 v
Maximum Power Dissipation .. .. ... i e Pp 43 W
Lingal Deraling FACKON. ;o cowvin va s Miiio i 6 £ v04 0 500 + 5 v arn eimiae ars 1or ain sisis e ain sim sionmie mosiornie » 0.29 w/°c
Single Pulse Avalanche Energy Rating (NOte 4) . .. ..o viit i e e eeeanns Eas 19 mJ
Operating and Storage Temperature RANGE . . ... .. vuurue et ies it eeeeeeanennans TJ, TsTa -55t0 175 o
Maximum Temperature for Soldering . e
Leads at 0.063in (1.6mm) from Case for 10S. . vt v ettt it et ie e et eeeaeee s Ti 300 °%e
Package Body for 10s, See Techbrief 334 . ... ...ttt o e e e e e Tokg 260 °c

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification Is not implied.

NOTE:
1. Ty =25°C to 150°C.

Electrical Specifications T =25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drain to Source Breakdown Voltage BVpss |Vgs =0V, Ip=250uA, (Figure 10) .| 100 - - v
Gate to Threshold Voltage VGS(TH) VGS = VDS' ID = 250;_[A 2.0 - 4.0 \"
Zero-Gate Voltage Drain Current Ipss Vpg =95V, Vgg =0V e - 25 HA
Vpg = 0.8 x Rated BVpgg, Vgg =0V, T, = 150°C - - 250 HA
On-State Drain Current (Note 2) IpioN) | VDs > Ip(on) x 'os(onymax: Vas = 10V (Figure 7) 5.6 - - A
Gate to Source Leakage Current lgss Vgg =20V - - 100 nA
Drain to Source On Resistance (Note 2) "DS(ON) | Vas = 10V, Ip = 3.4A (Figures 8, 9) - 0.4 0.54
Forward Transconductance (Note 2) Ofs Vgs =50V, Ip = 3.4A (Figure 12) 1.3 2.0 - S
Tumn-On Delay Time ld(oN) Ip = 5.6A, Rgg = 24Q, Vpp = 50V, R = 9Q, - 8 12 ns
Rise Time t Vpp = 50V, YGS =10V S - 25 63 ns
- MOSFET switching times are essentially independent
Tum-Off Delay Time '4(OFF) | of operating temperature - 15 L be
Fall Time tf - 12 59 ns
Total Gate Charge Qg(TOT) Vgs =10V, Ip = 5.6A, Vpg = 0.8 x Rated BVpgs, - 5.0 30 nC
(Gate to Source + Gate to Drain) Ig(ReF) = 1.5mA (Figure 14)
Gate to Source Charge Qgs Gate charge is essentially independent of operating . 20 : nc
temperature.
Gate to Drain “Miller” Charge Qgd - 3.0 - nC
Input Capacitance Ciss Vs =0V, Vpg = 25V, f = 1.0MHz (Figure 11) # 135 - pF
Output Capacitance Coss - 80 - pF
Reverse-Transfer Capacitance Cgpss - 20 - pF
Internal Drain Inductance Lp Measured From the Modified MOSFET - 3.5 - nH
Contact Screw On Tab To | Symbol Showing the
Center of Die Internal Devices
Measured From the Drain | Inductances . 4.5 - nH
Lead, 6mm (0.25in) From
Package to Center of Die
Internal Source Inductance Ls Measured From The - 7.5 - nH
Source Lead, 6Bmm
(0.25in) From Header to
I Source Bonding Pad
Junction to Case Reyc - - 3.5 oC/W
Junction to Ambient RaJa Free air operation - - 80 ocw

2002 Fairchild Semiconductor Corporation IRF510 Rev. B



IRF510

Source to Drain Diode Specifications

PARAMETER SYMBOL Test Conditions MIN | TYP | MAX | UNITS
Continuous So;urce to Drain Current Isp Modified MOSFET D - 5.6 A
I Drain G ) | Symbol Showing the )
Pulse Source 1o Drain Curren SDM Integral Reverse - 20
{Note 3) | P-N Junction Diode G
|
S
Source to Drain Diode Voltage (Note 2) Vsp Ty =259, Igp = 5.6A, Vgg = OV (Figure 13) - 2.5 v
Reverse Recoyery Time tr Ty=25°C, Igp = 5.6A, digp/d; = 100A/us 4.6 96 200 ns
Reverse Recovered Charge QRR Ty =25°C, Igp = 5.6A, dlgp/d; = 100A/us 017 | 0.4 0.83 uC
NOTES:
2. Pulse test:'pulse width < 300yus, duty cycle < 2%.
3. Repetitive rating: pulse width limited by max junction temperature. See Transient Thermal Impedance curve (Figure 3).
4, Vpp = 25V, start Ty = 25°C, L = 910uH, Rg = 25, peak lpg = 5.8A.
. \
Typical Performance Curves unless Otherwise Specified
1.2 10
&
g 1.0 g 8
-
2 os ™ 3
[+
z \ T 6
o Ny S [—
g 06 9 P —
g \\ E g —
[72]
%] o
& 04 N 8, e
o £ N
= 0.2 \ 5 ™
8 . . \
0 0
0 25 50 75 100 125 150 175 25 50 75 100 125 150 175

Te, CASE TEMPERATURE (°C)

FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE

Tc, CASE TEMPERATURE (°C)

FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs

TEMPERATURE CASE TEMPERATURE
10 =y
5

" -1 0.5
z4 1 3 =
; é g 0.2 3 = Y _H
< uw 0.1 Pom f
£ & 0.05 I

o — : 3 e
$ 2 0qp002 I |
3 2 e h=T1
E [ SINGLE PULSE .
o NOTES: ]
= DUTY FACTOR: D =ty/tp |
PEAKTy=Ppm X Zeyc +Tc
0.01 - I 1 1 L1 L Lll
10-5 10-4 10-3 10-2 0.1 1 10
t1, RECTANGULAR PULSE DURATION (S)
FIGURE 3, MAXIMUM TRANSIENT THERMAL IMPEDANCE
©2002 Fairchild Semiconductor Corporation IRF510 Rev. B
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LM555 Timer

Check for Samples: LM555

FEATURES

+ Direct Replacement for SE555/NE555
* Timing from Microseconds through Hours

e Operates in Both Astable and Monostable
Modes

* Adjustable Duty Cycle

»  OQutput Can Source or Sink 200 mA

*  Qutput and Supply TTL Compatible

*  Temperature Stability Better than 0.005% per
°C

+ Normally On and Normally Off Output

» Available in 8-pin VSSOP Package

APPLICATIONS

¢ Precision Timing

¢ Pulse Generation

¢ Sequential Timing

¢ Time Delay Generation

¢ Pulse Width Modulation

* Pulse Position Modulation
« Linear Ramp Generator

Schematic Diagram

DESCRIPTION

The LM555 is a highly stable device for generating
accurate time delays or oscillation. Additional
terminals are provided for triggering or resetting if
desired. In the time delay mode of operation, the time
is precisely controlled by one external resistor and
capacitor. For astable operation as an oscillator, the
free running frequency and duty cycle are accurately
controlled with two external resistors and one
capacitor. The circuit may be triggered and reset on
falling waveforms, and the output circuit can source
or sink up to 200mA or drive TTL circuits.

8
Vee O— — - -
R2
1%
; R11
a5 06 '3“/4 Q22 B.2k
2’ A3 L
5k o{ 0z
' ] > b azs
7.5k
A2
6
THRESHOLD al u.:\l 3.9k
‘ 02 0 3
R4
CONTRAL 8 (273 Vee) 4 021
VOLTAGE p
1 > R1 5
GND O f'ﬂuu 015 16 —0 QUTPUT
: 1 a8 ag :
TRIGGER O o7 a0 -¢!1°
Vec!
b 26
RS
. o iz o 5k
RESET 025
I
7 > > . 4 . 4
DISCHARGE
14 &

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA infermaticn is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Preduction processing does not
necessarily include testing of all parameters.

Copyright ® 2000-2013, Texas Instruments Incorporated
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Connection Diagram

Top View
|
1 U 8
GND — ’_]——--— +WVee
7
TRIGGER —— DISCHARGE
6
QUTPUT =] —— THRESHOLD
= 1 5 conTROL
RRSET VOLTAGE

Figure 1. PDIP, SOIC,
and VSSOP Packages

These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘h\ during storage or handling to prevent electrostatic damage to the MOS gates,

Absolute Maximum Ratings ("

‘| Supply Voltage +18V
Power Dissipation
LM555CM, LM555CN 4) 1180 mwW
LM555CMM 613 mwW
Operating Temperature Ranges
LM555C 0°C to +70°C

Storage Temperature Range

-65°C to +150°C

Soldering Information

PDIP Package

Soldering (10 Seconds) 260°C
Small Outline Packages
(SOIC and VSSCP)
Vapor Phase (60 Seconds) 215°C
Infrared (15 Seconds) - 220°C

(1)

Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for

which the device is functional, but do not ensure specific performance limits. Electrical Characteristics state DG and AC electrical
specifications under particular test conditions which ensures specific performance limits. This assumes that the device is within the

Operating Ratings. Specifications are not ensured for parameters where no limit is given, however,

of device performance.
(2)
(3)

(4)

the typical value is a good indication

If Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.

For operating at elevated temperatures the device must be derated above 25°C based on a +150°C maximum junction temperature and
a thermal resistance of 106°C/W (PDIP), 170°C/W (S0IC-8), and 204°C/W (VSSOP)
Refer to RETS555X drawing of military LM555H and LM555J versions for specifications.

junction to ambient.

2 Submit Documentation Feedback
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Electrical Characteristics (" @

(Ta = 25°C, Voo = +5V to +15V, unless otherwise specified)

Limits

Parameter Test Conditions LM555C Units
Min Typ Max
Supply Voltage 4.5 16 \
Supply Current Veg =5V, R == 6
Vec =15V, R == 10 15 mA
(Low State) ¢
Timing Error, Monostable
Initial Accuracy 1 %
Drift with Temperature Ra = 1k to 100kQ, 50 ppm/°C
C=0.1pF, ¥
Accuracy over Temperature 1.5 %
Drift with Supply 0.1 YolV
Timing Error, Astable
Initial Accuracy 2.25 %
Drift with Temperature Ra, Rg = 1k to 100kQ, 150 ppm/°C
C=0.1uF, @
Accuracy aver Temperature 3.0 %
Drift with Supply 0.30 %N
Threshold Voltage 0.667 x Vee
Trigger Voltage Ve = 18V 5 \
Veg = 5V 1.67 \%
Trigger Current 0.5 0.9 pA
Reset Voltage 0.4 0.5 1 v
Reset Current 0.1 0.4 mA
Threshold Clirrent 5) 0.1 0.25 pA
Control Voltgge Level Vee = 15V 9 10 11 v
Vee =5V 2.6 3.33 4
Pin 7 Leakage Output High 1 100 nA
Pin 7 Sat ©)
Output Lox.‘v Vee =15V, I = 15mA 180 mV
Output Low Ve = 4.5V, I = 4.5mA 80 200 mV
Qutput Voltage Drop (Low) Ve = 15V
' lsivk = 10mA 0.1 0.25 v
Igink = 50mA 0.4 0.75 \
Ising = 100mA 2 2.5 \%
Ising = 200mA 25 \
Vee =5V
Isink = 8mA \%
Isink = SMA 0.25 0.35 \%

(1) All voltages are measured with respect to the ground pin, unless otherwise specified.

(2) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is functional, but do not ensure specific performance limits, Electrical Characteristics state DC and AC electrical
specifications under particular test conditions which ensures specific performance limits. This assumes that the device is within the
Operating Ratings. Specifications are not ensured for parameters where no limit is given, however, the typical value is a good indication

of device performance.

e —
G)O'I-l-‘-g

Supply current when output high typically 1 mA less at Ve = 5V.
Tested at Vee = 5V and Ve = 15V,

This will determine the maximum value of Ry + Rg for 15V operation. The maximum total (Ra + Rg) is 20MQ.
No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded.

+Copyright ® 2000-2013, Texas Instruments Incorporated
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Electrical Characteristics (" @ (continued)
(Ta = 25°C, Ve = +5V to +15V, unless otherwise specified)
‘ Limits
| Parameter Test Conditions LM555C Units
Min Typ Max
Output Voltage Drop (High) Isource = 200mA, Ve = 15V 12.5 v
Isource = 100mA, Vgo = 15V 12.75 13.3 Vv
Vee = 5V 2.75 3.3 v
Rise Time of Qutput 100 ns
Fall Time of butput 100 ns
4 Submit Documentation Feedback Copyright © 2000-2013, Texas Instruments Incorporated
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Typical Performance Characteristics

Minimum Pulse Width Supply Current vs.
Required for Triggering Supply Voltage
1.1 Vee =16V
—‘a'- 1.0 - 10 o !'/
= 09 T=+125°C 7 g -55°C
= E
E 0.8 ‘s = 8 7
0.7 i v +25°C
R / E 6 >
s v T =+25°C ¥ ] > 7T
= 05 S L Thasee
= > //
S 4 T 4 A
z 03 S LT
= ” @ o~ 4
= 02 T=-55°C 2
01 LI
=4NEEN .
0 0.1 0.2 0.3 04 5 10 15
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X Vee) SUPPLY VOLTAGE (V)
Figure 2. Figure 3.
High Output Voltage vs. Low Output Voltage vs.
Qutput Source Current Qutput Sink Current
T 117 E =
18 ——T, = -55°C Vee = 5V H
e 1
1.6 T h— - 1
F——t —
= §i TA = *25°C il -55°C
s 10 :
. 12 1] - = Far ey
B i s s e H
2 Ta =+125°C e = +125°C 25°C
1 - 8 1
g 048 >
= 0.6 0.1 _55°C I
0.4 “
0.2 5V<Vcc$1sv—'
0 | i 0.01 | .
1 10 100 1.0 10 100
Isounce (mA) Isink (mA)
Figure 4. . Figure 5.
Low Output Voltage vs. Low Output Voltage vs.
Qutput Sink Current Qutput Sink Current
10 ; ; ===z 10 ===
—— ; Ve =10V § = Ve = 15V
i H NN
| 10 - g 10 .
s +126°C 3 P = e, E(
e l l 5 il
3 = +25°C — AL o +25°C Sipm
) 0.1 > \/Z -56°C - - 0.1 | Iilk\!? -55°C
-
// e -
0.01 = 0.01 —t
: 1.0 10 100 1.0 10 100
gk {mMA) lsink (MA)
Figure 6. Figure 7.
Copyright @ 2000-2013, Texas Instruments Incorporated Submit Documentation Feedback 5
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Typical Performance Characteristics (continued)

Output Propagation Delay vs.
Voltage Level of Trigger Pulse

Output Propagation Delay vs.
Voltage Level of Trigger Pulse

1200 S S0 I T 1200 T TT1Y
T=+2§C | i v Vee = 15V +125°C
— 1000 : : J A — 1000 . ]
| A & a0t L f)
! > “"7
: 800 / < 800 | L[ /
- 1 - 7
3 z o/
o Vee = 5.0V ] y
.. = 25°¢ LA/ f
S 600 7 S 600 4 /
: V4 : /4
2 4 / g LA/
g : ) o4 = L~
S LV vee = 10v, 15v e 94 L]
a 200 e 200 '3
] =55°C
0 1 0 I i | I l l
0 0.1 0.2 0.3 1] 0.1 0.2 0.3
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X Vec) LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X Vcc)
Figure 8. Figure 9,
Discharge Transistor (Pin 7) Discharge Transistor (Pin 7)
Voltage Voltage
Vs, vs,
Sink Current Sink Current
1000 . 1000 =
SFHE= Vo = 15V F Vee = 5V 54
= 1L 1 /
+125°C - i 8
= 1 : z 0 £
& . +zs°c$ & +25°C
= T2 =
z L AT = il
- le ‘ -
$ , . e F 1
- ﬂ
allibi F
1.0 1.0
0.01 0.1 1.0 10 100 0.01 0.1 1.0 10 100
Isink (mA) PIN 7 Isink (mA) PIN 7
Figure 10. Figure 11. =
5] Submit Documentation Feedback Copyright ® 2000-2013, Texas Instruments Incorporated
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APPLICATIONS INFORMATION

MONOSTABLE OPERATION

In this mode of operation, the timer functions as a one-shot (Figure 12). The external capacitor is initially held
discharged by a transistor inside the timer. Upon application of a negative trigger pulse of less than 1/3 Vg to
pin 2, the flip-flop is set which both releases the short circuit across the capacitor and drives the output high.

T

¢ 8
TRIGGER DISCHARGE
NORMALLY § o O—ro2 71
L

+5V 70 +16V

*Vee

"ON" LOAD

THRESHOLD
| CONTROL

I OUTPUT 3 VOLTAGE

C
NORMALLY R 1 ’j—
“0FF" LOAD &
¥ I | 0.01:F

w

Figure 12. Monostable

The voltage across the capacitor then increases exponentially for a period of t = 1.1 R, C, at the end of which
time the voltage equals 2/3 V¢c. The comparator then resets the flip-flop which in turn discharges the capacitor
and drives the output to its low state. Figure 13 shows the waveforms generated in this mode of operation. Since
the charge and the threshold level of the comparator are both directly proportional to supply voltage, the timing
interval is independent of supply.

| I iAEpIn
|
AT A7
1§V /

Ve = 5V Top Trace: Input 5V/Div.
TIME = 0.1 ms/DIV.  Middle Trace: Output 5V/Div.
Ra = 9.1kQ2 Bottom Trace: Capacitor Voltage 2V/Div,
C =0.01pF

Figure 13. Monostable Waveforms

During the timing cycle when the output is high, the further application of a trigger pulse will not effect the circuit
so long as the trigger input is returned high at least 10us before the end of the timing interval. However the circuit
can be reset during this time by the application of a negative pulse to the reset terminal (pin 4). The output will
then remain in the low state until a trigger pulse is again applied.

When the reset function is not in use, it is recommended that it be connected to V¢ to avoid any possibility of
false triggering. i

Figure 14 is a nomograph for easy determination of R, C values for various time delays.

NOTE
In monostable operation, the trigger should be driven high before the end of timing cycle.

Copyright © 2000-2013, Texas Instruments Incorporated Submit Documentation Feedback 7
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C = CAPACITANCE (uF)

N4
VY

0,001 £
10us100pusTms10ms100ms 1s 10s 100s

tg = TIME DELAY

Figure 14. Time Delay

ASTABLE OPERATION

If the circuit is connected as shown in Figure 15 (pins 2 and 6 connected) it will trigger itself and free run as a
multivibrator. The external capacitor charges through Ry + Rg and discharges through Rg. Thus the duty cycle
may be precisely set by the ratio of these two resistors.

-~

LMS55

|
|
|

Figure 15. Astdble

C

In this mode of operation, the capacitor charges and discharges between 1/3 Vge and 2/3 Vee. As in the
triggered mode, the charge and discharge times, and therefore the frequency are independent of the supply
voltage.

Figure 16 shows the waveforms generated in this mode of operation.

l

il

A | i A
21 INA TR ¥
gl N I hd
Vee = 5V Top Trace: Output 5V/Div.
TIME = 20us/DIV. Bottom Trace: Capacitor Voltage 1V/Div.
Ra = 3.9kQ
Rg = 3kQ
C =0.01pF

Figure 16. Astable Waveforms

8 Submit Documentation Feedback Copyright ©® 2000-2013, Texas Instruments Incorporated
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The charge time (output high) is given by:
t; = 0.693 (R, + Rg) C

And the discharge time (output low) by:
t, = 0.693 (Rg) C

Thus the total period is:
T=t,+1t,=0.693 (Ry +2Rg) C

The frequency of oscillation is:
1 1.44

f==

T (Ra+ 2Rp)C
Figure 17 may be used for quick determination of these RC values.

The duty cycle is:
. . -
0= Ra + 2Rg

100

ava
/
£
i

7 Z
AR %\%\'f,,
01 \ -
N \\\\

0.0 e

] NN

0.001 A M A

C - CAPACITANCE (uF)

0.1 1 10 100 1k 10k 100k

1 - FREE-RUNNING FREQUENCY (Hz)

(1)

)

@)

(4)

®)

Figure 17. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 12 can be used as a frequency divider by adjusting the length of the timing
cycle. Figure 18 shows the waveforms generated in a divide by three circuit.

| . . .

LEER: RR2%
| et
Vee =5V Top Trace: Input 4V/Div.
TIME = 20ps/DIV.  Middle Trace: Output 2V/Div.
Rg = 9.1kQ Bottom Trace: Capacitor 2V/Div.

C=0.01pF

Figure 18. Frequency Divider

|
PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode and triggered with a continuous pulse train, the output
pulse width can be modulated by a signal applied to pin 5. Figure 19 shows the circuit, and in Figure 20 are

some waveform examples.

Copyright @ 2000-2013, Texas Instruments Incorporated
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I T +Vee
i b DISCHA
TRIGGER O 2 71 IRCHARGE
LM555 6 THRESHOLD
MODULATION
INPUT
DUTPUT O—r3 §f—0 ¢
1

Figure 19. Pulse Width Modulator

1T
V b
E\\
F \‘
M min on
Veg =5V Top Trace: Modulation 1V/Div.
TIME = 0.2 ms/DIV. Bottom Trace: Output Voltage 2V/Div.
Ra = 9.1kQ
C=0.01pF

Figure 20. Pulse Width Modulator

PULSE POSITION MODULATOR _

This application uses the timer connected for astable operation, as in Figure 21, with a modulating signal again
applied to the control voltage terminal. The pulse position varies with the modulating signal, since the threshold
voltage and hence the time delay is varied. Figure 22 shows the waveforms generated for a triangle wave
modulation signal.

4 +Vee
I (] B
2 7
LMSss g
MODULATION
QUTPUT O=——— 3 5 C
1

Figure 21. Pulse Position Modulator

10 Submit Documentation Feedback Copyright ® 2000-2013, Texas Instruments Incorporated
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rull '\\\ |
e X ///
.\ /
AEE RN ml|
Ve =5V Top Trace: Modulation Input 1V/Div.
TIME = 0.1 ms/DIV. Bottom Trace: Qutput 2V/Div.
Ra = 3.9kQ
RB = 3kQ
C=0.01pyF
: Figure 22. Pulse Position Modulator
LINEAR RAMP

When the pullup resistor, Ry, in the monostable circuit is replaced by a constant current source, a linear ramp is
generated. Figure 23 shows a circuit configuration that will perform this function.

Vee

| T— O +Vee
4 8
TRIGGER O—i 2 ?
2N4250
OR EQUIV
LM555 [
R2
QUTPUT 3 5 —_I_ ¢
1

I Tﬂm

Figure 23.

Figure 24 shows waveforms generated by the linear ramp.

The time interval is given by:
_ 2/3VecRe(Ry + R2) C
Ry Vee — Vae (Ry + Ry)

Vge = 0.6V (6)
Vge = 0.6V ()
Copyright © 2000-2013, Texas Instruments Incorporated Submit Documentation Feedback 14
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Pl 1 pd
Vee = 5V Top Trace: Input 3V/Div.
TIME = 20ps/DIV. Middle Trace: Qutput 5V/Div.
Ry = 47kQ Bottom Trace: Capacitor Voltage 1V/Div.
Rz = 100kQ
RE =2.7kQ
C=0.01 pF

Figure 24. Linear Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors Ry and Rg may be connected as in Figure 25. The time period for the output
high is the same as previous, t; = 0.693 R, C. For the output low it is t, = _ -
Rg — 2HA]

(RaRg)/(Ra + Ha)] C ¢n [2Ha e

(8)
Thus the frequency of oscillation is:
1
= ty + to (9)

*+Vee

OUTPUT O—va 3

Figure 25. 50% Duty Cycle Oscillator

Note that this circuit will not oscillate if Rg is greater than 1/2 R, because the junction of R, and Rg cannot bring
pin 2 down to 1/3 V¢ and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect associated circuitry. Minimum recommended is 0.1uF
in parallel with 1uF electrolytic.

Lower comparator storage time can be as long as 10us when pin 2 is driven fully to ground for triggering. This
limits the monostable pulse width to 10us minimum.

Delay time reset to output is 0.47us typical. Minimum reset pulse width must be 0.3ps, typical.
Pin 7 current switches within 30ns of the output {pin 3) voltage.

12 Subr;w’t Documentation Feedback Copyright @ 2000-2013, Texas Instruments Incorporated
‘ Product Folder Links: LM555



1wA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS056J — MAY 1976 — REVISED MAY 2003

® 3-Terminal Regulators ® High Power-Dissipation Capability
® Output Currentupto 1.5 A ® Internal Short-Circuit Current Limiting
@ Internal Thermal-Overload Protection @® Output Transistor Safe-Area Compensation
KC (TO-220) PACKAGE KTE PACKAGE
(TOP VIEW) (TOP VIEW)
z
Q ———— OUTPUT
2O ——— COMMON Z — OUTPUT
o) ——— INPUT =
S s — COMMON
KCS (T0-220) PACKAGE 8 L NPUT
(TOP VIEW)
=
ol = SRS
§ ——— INPUT

|
description/ordering information

This series of fixed-voltage integrated-circuit voltage regulators is designed for a wide range of applications.
Thpse applications include on-card regulation for elimination of noise and distribution problems associated with
single-point regulation. Each of these regulators can deliver up to 1.5 A of output current. The internal
current-limiting and thermal-shutdown features of these regulators essentially make them immune to overload.
In addition to use as fixed-voltage regulators, these devices can be used with external components to obtain
adjustable output voltages and currents, and also can be used as the power-pass element in precision

regulators.
| ORDERING INFORMATION
Vo(NoMm) ORDERABLE TOP-SIDE
T (V) PACKAGET PART NUMBER MARKING
POWER-FLEX (KTE) Reel of 2000 | pA7805CKTER LAT805C
5 TO-220 (KC) Tube of 50 UAT7805CKC
LAT805C
TO-220, short shoulder (KCS) | Tube of 20 HA7B05CKCS
POWER-FLEX (KTE) Reel of 2000 HA7808CKTER nA7808C
8 TO-220 (KC) Tube of 50 LAT7808CKC
LA7808C
TO-220, short shoulder (KCS) | Tube of 20 HA7B08CKCS
i POWER-FLEX (KTE) Reel of 2000 HA7810CKTER nA7810C
(A5 R0 TO-220 (KC) Tube of 50 HAT810CKC pA7810C
POWER-FLEX (KTE) Reel of 2000 HAT812CKTER uA7812C
12 TO-220 (KC) Tube of 50 HAT812CKC
nA7812C
TO-220, short shoulder (KCS) | Tube of 20 LA7812CKCS
POWER-FLEX (KTE) Reel of 2000 | pA7815CKTER UAT815C
15 TO-220 (KC) Tube of 50 HA7815CKC A7815C
TQO-220, short shoulder (KCS) | Tube of 20 HA7815CKCS . E
o4 POWER-FLEX (KTE) Reel of 2000 HA7824CKTER wA7824C
TO-220 (KC) Tube of 50 UA7824CKC UA7824C

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/scipackage.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright @ 2003, Texas Instruments Incorporated

Products conform to specificalions per the terms of Texas Instruments i
standard warranty. Production processing does not necessarily include -
testing of all parameters. EXAS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1
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schematic
. o -% . INPUT
P '
ST
L
OUTPUT

) ,

. ® 2 COMMON

absolute maximum ratings over virtual junction temperature range (unless otherwise noted)t

inpurveliage, Vi BATBZAEY . . v v cus cuws saws s iy Bor LESE GO9S SEVE ST G5 & G DI § e § i A S 40V
AlOtHBIS: & & i v v domsws sows voms & wms WEiss @aiE's S B0 § 955 ¥ wmy SIER ¥ S5 YA Tae o 35V
Operating virtual junclion temperatire; T o vove e voss sves Svns sans 00s & 65 § 5 o ees § 555 5 o5 L 150°
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............................. 260°
Sreragk TOmPeTatule (SO0, Tagsi: o vk s sonon sson caswn summoe mssioct srmon st sowan o owsm. wosomon —-65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

package thermal data (see Note 1)

PACKAGE BOARD _eye 0JA
POWER-FLEX (KTE) High K, JESD 51-5 . " 3°C/W _ 23°CIW
T0-220 (KC/KCS) High K, JESD 51-5 3°C/W 19°C/IW

NOTE 1:  Maximum power dissipation is a function of T j(max), 64, and Ta. The maximum allowable power dissipatjon at any allowable ambient

temperature is Pp = (T y(max) — Ta)/6a. Operating at the absolute maximum T of 150°C can affect reliability.

‘U Texas
INSTRUMENTS
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1wA7800 SERIES

POSITIVE-VOLTAGE REGULATORS

recommended operating conditions

SLVS056J — MAY 1976 — REVISED MAY 2003

MIN  MAX | UNIT

HAT805C 7 25
uA7808C 10.5 25
HA7810C 12.5 28

V| Input voltage \
HA7812C 14.5 30
HAT7815C 17.6 30
uAT7824C 27 38

lo Output current 1.5 A

Ty Qperating virtual junction temperature I nA7800C series 0 125 °C

electrical characteristics at specified virtual junction temperature, V=10 V, Ig = 500 mA (unless

otherwise noted)

HA7805C
PARAMETER TEST CONDITIONS Tyt UNIT
‘ MIN TYP MAX
= - 25°C 4.8 5 5.2
— lo=5mAto 1A, Vi=7Vto20V, v
| PD=15W 0°Cto125°C | 4.75 5.25
\ _ Vi=7Vto25V 3 100
Input voltage regulation 25°C mV
| Vi=8Vto12V 50
Ripple réjection Vi=8Vto18Y, f=120Hz 0°C to 125°C 62 78 dB
| _ lo=5mAto15A 15 100
Qutput voltage regulation 25°C mvV
Io =250 mA to 750 mA 5 50
Output resistance f=1kHz 0°C to 125°C 0.017 Q
Temperature coefficient of output voltage [ Ig =5 mA 0°C to 125°C -1.1 mV/°C
Output Hoise voltage f=10Hz to 100 kHz 25°C 40 uv
Dropout voltage Io=1A 25°C 2 \
Bias current 25°C 4.2 8| mA
Bi - Vi=7Vto25V o — 1.3 "
ias current change ° ° m
: lo=5mAto1A . 0.5
Shart-circuit output current 25°C 750 mA
Peak ou'tput current 25°C 2.2 A

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately, All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-pF capacitor across the output.

‘Q’ TEXAS
INSTRUMENTS
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wA7800 SERIES

POSITIVE-VOLTAGE REGULATORS

SLVS056J - MAY 1976 — REVISED MAY 2003

electrical characteristics at specified virtual junction temperature, V| = 14 V, Ig = 500 mA (unless

otherwise noted)

LAT808C
PARAMETER TEST CONDITIONS TJT UNIT
MIN TYP MAX
lo=5mAto1A VI=10.5V1t0 23V, 25°C 7.7 8 83
Output voltage : ! \
RS PDS15W 0°Cto125°C | 7.6 8.4
) Vi=10.5Vto 25V 6 160
Input voltage regulation 25°C mV
Vi=11Vto 17V 80
Ripple rejection Vi=11.5Vto 215V, f=120Hz 0°C to 125°C 55 72 dB
) lo=5mAto1.5A 12 160
Output voltage regulation 25°C mV
lo = 250 mA to 750 mA 4 80
Output resistance f=1kHz 0°C to 125°C 0.016 Q
Temperature coefficient of output voltage | 1o =5 mA 0°C to 125°C -0.8 mV/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 52 pV
Dropout voltage lo=1A 25°C 2 \'%
Bias current 25°C 43 - 8 mA
) Vi=10.5Vto 25V 1
Bias current change 0°C to 125°C mA
lo=5mAto1A 0.5
Short-circuit output current 25°C 450 mA
Peak output current 25°C 22 A

T Pulse-testing technigues maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.

electrical characteristics at specified virtual junction temperature, V; = 17 V, Ig = 500 mA (unless

otherwise noted)

LATB10C

PARAMETER TEST CONDITIONS g UNIT
MIN TYP MAX
' = = 25°C 9.6 10 104
Output voltage lo=56mAto1A, Vi=125Vto 25V, — v
Pps15W 0°C to 125°C 9.5 10 105
) Vi=125Vto28V 7 200
Input voltage regulation 25°C mV
Vi=14Vto20V 2 100
Ripple rejection VI=13Vito23V, f=120 Hz 0°C to 125°C 55 71 dB
) lo=5mAto1.5A 12 200
Qutput voltage regulation 25°C mV
lo =250 mA o 750 mA 4 100
Qutput resistance f=1kHz 0°C to 126°C 0.018 Q
Temperature coefficient of output voltage | g = 5 mA 0°C to 125°C —1 mVv/°C
Qutput noise voltage f=10 Hz to 100 kHz 26°C 70 Y
Dropout voltage lo=1A 25°C 2 \Y
Bias current 25%C 4.3 8 mA
) Vi=125Vto 28V 1
Bias current change 0°C to 125°C mA
lo=5mAto1 A 0.5
Short-circuit output current 25°C 400 mA
Peak output current 25°C 2.2 A

T Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-yF capacitor across the output.

‘5‘ TEXAS
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otherwise noted)

nA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS056J — MAY 1976 — REVISED MAY 2003

m
electrical characteristics at specified virtual junction temperature, Vj =19V, Ig = 500 mA (unless

UA7812C '
" PARAMETER TEST CONDITIONS TJT UNIT
MIN TYP MAX
= = 25°C 1.5 12 125
Output Voltage lo=5mAto1A, Vi=145Vto 27V, v
Pps15W 0°C to 125°C 11.4 12.6
. Vi=145Vito 30V ' 10 240
Input voltage regulation 25°C mV
Vi=16Vto22V 3 120
Ripple rejection V=15V 1o 25V, f=120 Hz 0°C to 125°C 55 71 dB
' . lo=5mAto 1.5 A 12 240
Output voltage regulation 25°C mV
\ lp =250 mA to 750 mA 4 120
Output resistance f=1kHz 0°C to 125°C 0.018 Q
Temperéture coefficient of output voltage |Ig =5 mA 0°C to 125°C -1 mv/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 75 uVvV
Dropout'voltage lo=1A 25°C 2 v
Bias curfent 25°C 4.3 8 mA
i ' - Vi=14.5Vto 30V it JBES 1 2
ias current change o o m
‘ . lo=5mAto1 A e 0.5
Short-circuit output current 25°C 350 mA
Peak output current 25°C 2.2 A

) Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account|separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0,1-uF capacitor across the output.

electrical characteristics at specified virtual junction temperature, V| =

otherwise noted)

23 V, Ig =500 mA (unless

LAT815C
PARAMETER TEST CONDITIONS Tyt UNIT
MIN TYP MAX
lo=5mAto 1A, VI=175Vto 30V, 25°C 14.4 15 15.6
Qutput voltage v
5 g Pp<15W 0°C to 125°C | 14.25 15.75
_ Vi=175Vto 30V 11 300
Input voltage regulation 25°C mV
Vi=20Vto26V 3 150
Ripple rejection Vi=185V1to 285V, f=120Hz 0°Cto 125°C 54 70 dB
. lo=6mAto1.5A 12 300
Output voltage regulation 25°C mV
lp = 250 mA to 750 mA 4 150
Qutput resistance f=1kHz 0°C to 125°C 0.019 Q
Temperature coefficient of output voltage | lg =5 mA 0°C to 125°C -1 mV/°C
Qutput noise voltage f=10 Hz to 100 kHz 25°C 90 Y
Dropout voltage lo=1A 25°C 2 \
Bias current 25°C 4.4 8 mA
; V|=175Vto 30V 1
Bias current change 0°C to 125°C mA
lo=5mAto1A 0.5
Short-circuit output current 25°C 230 mA
Peak output current 25°C 2.1 A

i Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1 -uF capacitor across the output.
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POSITIVE-VOLTAGE REGULATORS

SLVS056J — MAY 1976 — REVISED MAY 2003

electrical characteristics at s

otherwise noted)

pecified virtual junction temperature, V) =33 V, Ig = 500 mA (unless

HAT824C
PARAMETER TEST CONDITIONS Tyt UNIT
MIN TYP MAX
lo=5mAto1A, VI=27V1to38V, 25°C 23 24 25
Output voltage ' V
P 3 PD<15W 0°Cto 125°C | 22.8 25.2
) V|=27Vto38V 18 « 480
Input voltage regulation 25°C mV
Vi=30Vto36V ] 240
Ripple rejection Vi=28V1to38Y, f=120 Hz 0°C to 125°C 50 66 dB
) lo=5mAto1.5A 12 480
Qutput voltage regulation 25°C mV
o = 250 mA to 750 mA 4 240
Output resistance f=1kHz 0°Cto 125°C 0.028 Q
Temperature coefficient of output voltage lo=5mA 0°C to 125°C -1.5 mV/°C
Output noise voltage f=10Hz to 100 kHz 25°C 170 nv
Dropout voltage lo=1A 25°C 2 1
Bias current 256°C 4.6 8 mA
) Vi=27Vto38V 1
Bias current change 0°C to 125°C mA
lo=5mAto1A 0.5
Short-circuit output current 25°C 150 mA
Peak output current 25°C 24 A

T Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-iF capacitor across the input and a 0.1-F capacitor across the output.
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APPLICATION INFORMATION

N o sl B0 A

Figure 1. Fixed-Output Regulator

+ ——  uA78xx ——_OL—— G
b lcom 'Ll

=V 0

Figure 2. Positive Regulator in Negative Configuration (V| Must Float)

Input —e— uAT78xx Output
R1
Io+
=~ 0.33 uF 0.1 uF
r R2

NOTE A: The following formula is used when Vyy is the nominal output voltage (output to common) of the fixed regulator:

v
\ Vg = Vi + (R—";‘ + IQ)Rz

Figure 3. Adjustable-Output Regulator

Input HAT8xXxX

R1
I 0.33 pF VO(Reg)

OQutput
=
lo
lp =(Vo/R1) + |g Bias Current

Figure 4. Current Regulator

{? TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 7



uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS056J — MAY 1976 — REVISED MAY 2003

APPLICATION INFORMATION

1N4001

<

20-V Input HAT815C Vo=15V

1N4001

0.33 uF

0.1 uF
lJ- 1N4001

Vo=-15V

—20-V Input HA7915C

1N4001

Figure 5. Regulated Dual Supply

operation with a load common to a voltage of opposite polarity

In many cases, a regulator powers a load that is not connected to ground but, instead, is connected to a voltage
source of opposite polarity (e.g., operational amplifiers, level-shifting circuits, etc.). In these cases, a clamp
diode should be connected to the regulator output as shown in Figure 6. This protects the regulator from output

polarity reversals during startup and short-circuit operation.,

+V] — HAT8xx +Vo

Figure 6. Output Polarity-Reversal-Protection Circuit

reverse-bias protection

Occasionally, the input voltage to the regulator can collapse faster than the output voltage. This can oceur, for
example, when the input supply is crowbarred during an output overvoltage condition. If the output voltage is
greater than approximately 7 V, the emitter-base junction of the series-pass element (internal or external) could
break down and be damaged. To prevent this, a diode shunt can be used as shown in Figure 7.

¢
Vi ‘L HAT8xX %*‘Vo
i

Figure 7. Reverse-Bias-Protection Circuit

| .
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MPS2222, MPS2222A

' MPS2222A is a Preferred Device
General Purpose
Transistors

NPN Silicon

Features

® Pb—Free Packages are Available*

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector - Emitter Voltage Vceo Vde
MPS2222 30
MPS2222A 40
Collector - Base Voltage Veso Vdc
MPS2222 60
MPS2222A 75
Emitter— Base Voltage VEBO Vde
l MPS2222 5.0
MPS2222A 6.0
Collector Current = Continuous Ic 600 mAdc
Total Device Dissipation Pp
@ Ta=25C 625 mwW
Derate above 25°C 5.0 mw/°C
Total Device Dissipation Pp
@ Tg=25°C 1.5 W
Derate above 25°C 12 mW/°C
Operating and Storage Junction Ty Tstg | =55 to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction-to-Ambient Roya 200 °C/W
Thermal Resistance, Junction-to-Case ReJc 83.3 °CIW

Stresses exceeding Maximum Ratings may damage the device. Maximum
Ratings are stress ratings only. Functional operation above the Recommended
Operating Conditions is not implied. Extended exposure to stresses above the
Recommended Operating Conditions may affect device reliability.

*For additional information on our Pb~Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Technigues
Reference Manual, SOLDERRM/D.

@ Semicanductor Components Industries, LLC, 2007 1
March, 2007 - Rev. 3

ON Semiconductor®

http:/lonsemi.com

COLLECTOR
3
2
BASE
1
EMITTER

TO-92
CASE 29
STYLE 1
1
1
23 . 3

STRAIGHT LEAD BENT LEAD

BULK PACK TAPE & REEL

AMMO PACK

MARKING DIAGRAMS

MPS2222 MPS2222A
- N <
| mps N | mps2
2222 222A
AYWW ) AYWW =
A = Assembly Location

Y  =Year

WW = Work Week

= = Pb-Free Package
(Note: Microdot may be in either location)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 5 of this data sheet.

Preferred devices are recommended choices for future use
and best overall value,

Publication Order Number:
MPS2222/D



MPS2222, MPS2222A

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

Characteristic | Symbol Min I Max I Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage MPS2222 [ V(gRr)cEO 30 N Vde
(lc =10 mAdc, Ig = 0) MPS2222A 40 =
Collector—Base Breakdown Voltage MPS2222 [ Vigr)cBO 60 - Vde
(lc =10 pAdc, I = 0) MPS2222A 75 -
Emitter—Base Breakdown Voltage MPS2222 | V@r)ERo 5.0 - Vde
(Ig = 10 pAdc, Ic = 0) MPS2222A 8.0 -
Collector Cutoff Current (Vcg = 60 Vdc, Vep(or) = 3.0 Vdc) MPS2222A lcex - 10 nAdc
Collector Cutoff Current lceo pAdc
(Ve =50 Vdg, Ig = 0) MPS2222 - 0.01
(Vep = 60 Vdg, Ig = 0) MPS2222A = 0.01
(Veg =50 Vdc, Ig = 0, Ta = 125°C) MPS§2222 = 10
(Veg =50 Vdc, Ig = 0, Ty = 125°C) MPS2222A 10
Emitter Cutoff Current (Vgg = 3.0 Vdc, Ig = 0) MPS2222A leBO = 100 nAdc
Base Cutoff Current (Vcg = 60 Vdc, Vep (o = 3.0 Vdc) MPS2222A laL = 20 nAdc
ON CHARACTERISTICS
DC Current Gain hee -
(lc = 0.1,mAdc, Vee = 10 Vde) 35 =
(Ic = 1.0 mAdc, Vg = 10 Vdc) 50 -
(Ic = 10 mAdc, Vg = 10 Vdc) 75
(Ilc = 10 mAde, Vg = 10 Vdc, Ta = =55°C) MPS2222A only 35 -
(lc = 150 mAdc, Veg = 10 Vdc) (Note 1) 100 300
(Ic = 150 mAdc, Vee = 1.0 Vdc) (Note 1) 50 -
(Ic = 500 mAde, Vcg = 10 Vdc) (Note 1) MPS2222 30 -
MPS2222A 40 =
Collector-Emitter Saturation Voltage (Note 1) Vee(sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) MPS2222 - 0.4
MPS2222A - 0.3
(Ic = 500 mAdc, Ig = 50 mAdc) MPS2222 1.6
MPS2222A - 1.0
Base - Emitter Saturation Voltage (Note 1) VBE(sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) MPS2222 - 1.3
MPS2222A 0.6 1.2
(lc = 500 mAdc, Ig = 50 mAdc) MPS2222 - 2.6
MPS2222A - 2.0
SMALL-SIGNAL CHARACTERISTICS
Current—Gain - Bandwidth Product (Note 2) fr MHz
(lc = 20 mAdc, Vgg = 20 Vdc, f = 100 MHz) MPS2222 250 =
MPS2222A 300 -
Output Capacitance (Vgg = 10 Vde, Ig = 0, f = 1.0 MHz) Cobo = 8.0 pF
Input Capacitance Cibo pF
(Veg =0.5Vdc, Ig =0, f=1.0 MHz) MPS2222 - 30
MPS2222A = 25
Input Impedance hie ke
(Ic = 1,0 mAdc, Vg = 10 Vdc, f = 1.0 kHz) MPS2222A 2.0 8.0
{Ic = 10 mAdc, Vg = 10 Vde, f= 1.0 kHz) MPS2222A 0.25 1.25
Voltage Féedback Ratio hre X 10-4
(Ic = 110 mAde, Vce = 10 Vdc, f = 1.0 kHz) MPS2222A = 8.0
(Ic = 1p mAdc, Vcg = 10 Vde, f = 1.0 kHz) MPS2222A 4.0
Small-Signal Current Gain hre -
(Ic = 1.0 mAdc, Vge = 10 Vde, f = 1.0 kHz) MPS2222A 50 300
(Ic = 10 mAdc, Ve = 10 Vdc, f = 1.0 kHz) MPS2222A 75 375
Output Admittance Nee umhos
(Ic = 1,0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) MPS2222A 5.0 35
(Ilc = 10 mAdc, Vgg = 10 Vdc, f = 1.0 kHz) MPS2222A 25 200
Collector Base Time Constant h’Ce ps .
(Ig = 20 mAdc, Vg = 20 Vdc, f = 31.8 MHz) MPS2222A - 150
Noise Figure NF dB
(Ic = 100 wAdc, Vgg = 10 Vdc, Rg = 1.0 kR, f = 1.0 kHz) MPS2222A - 4.0

1. Pulse Test: Pulse Width < 300 us, Duly Cycle < 2%.

2. fris defined as the frequency at which |hp| extrapolates to unity.

2
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MPS2222, MPS2222A

ELECTRIPAL CHARACTERISTICS (T = 25°C unless otherwise noted) (Continued)
1

{ . Characteristic | Symbol | Min | Max | Unit |
|
SWITCHING CHARACTERISTICS MPS2222A only
Delay Tim? (Veg = 30 Vdc, Vg(omn = -0.5 Vdc, 4 N 10 ns
Rise 'r.mer Ic = 150 mAdc, Ig4 = 15 mAdc) (Figure 1) t, - 25 ns
Storage Time (Ve = 30 Vde, I = 150 mAdc, tg == 225 ns
Fall Time Ig1 = lg2 = 15 mAdc) (Figure 2) t = 60 ns

SWITCHING TIME EQUIVALENT TEST CIRCUITS

+30V +30 V

— |~ 10t0100ps, —>{ |« 1.010100ps,
+16V [ \  DUTY CYCLE = 2.0% e +16 V( P DUTY CYCLE = 2.0%
]
0 > AN 0 >— W -t
-ZVJ 1 kQ 'ibs"<10pF -14V \_ 1k ECS*<1OPF
__‘ le— < 2 ns i ’<—<20ﬂ3 ING14
=  Scoperisetime <4 ns 4V =
*Total shunt capacitance of test jig, connectors, and oscilloscope.
Figure 1. Turn-On Time Figure 2. Turn-Off Time
1000 ]Y 1 ; 1
700 e
500 Ty=125°C
Z 300 - === o et
— L o e ] e 3 o1 e —_— o~
3 o0 |mm—m —= Jsf—"" ~—
& SRR A — =I5 X
% 100 -“—"—" -'-::-::._ al 2,5DC --—“-'-_-q-.- i -.-""'—u.
=2 = SN
§ 70 g o e "55°C i\\
R | N
.E- 30 T T
Vee=1.0V E
20 ——— e V=10V
10 RS 0 O 1
0.1 02 03 05 07 1.0 20 3.0 50 70 10 20 30 5 70 100 200 300 500 700 1.0k

I, COLLECTOR CURRENT (mA)
Figure 3. DC Current Gain
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