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Abstract

This report presents an inverter for solar energy which converts direct current from the solar cell
to alternating current. It is used for water suction pump and/or electrical appliances by using theory of
switching boost converter and also the theory of sinusoidal plusewidth modulation (SPWM) to generate
AC for use like the sinusoidal signal and to reduce harmonic of electrical signal which is impact to life
span of equipment which connect to converter. The inverter for solar panel is able to use as secondary or
primary power source in rural area which electrical supply cable cannot reach.Last but not least, this

source of energy is alternative energy which are clean, safe, and can help safe electricity as well.
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3.1.3 M3as9deyeIu PWM

Fyaa Pwm hudya ez luauaunsinurenssreunefnes lnaseinled
wed TL494 wazanunsaimuneuiosadaiaineslunisadindlifemadununasdfuusey &
msdeundudnygannduening endunimugueanunireiadlunisaind awnsafiasmunu
Franaaninil (Deadtime  Control) lunismauAgun1sinaIurasdy g aue1ving wasdeasveny
AuRanaTn (Eror Amplifier) fineamsIaaouLsIdu uaznssiaadue AN sUdguLYas
Jaunduinausumsvhaouiiieinmsedumdsnumsinuevinelinag

3.1.3(n) nMsasedyniuesadaiawes (f o)

mm?ﬂumiaijmﬁ%gﬂﬁmummﬂﬁhﬁgﬂﬂiﬂiﬁﬁﬂms{am R wazu1Craeadnamanuiifu
ARl n1sfvuaAuiiosadalaned fvuaml Rowas Cr feAininuioadaianesildlunis

muANNadInviiegaty Jrutseadaawesasiluassinvesmnuiinisaing

° - o | < a ¢
qm'ﬁﬂqiﬂququLUUU'ﬁﬁﬁﬂ B LTMNAIAIIND D DAT AL B S

f 2 (2.1)
osc — RTCT -

esnnanuiseadaamesidudosvinesmnudlunisaing 1deanisenuilunisaing 16kHZ
AsluAnufosadalame Aty 32kHz uagaisBnaiiufivdseguanasldan  Cp = 0.001 uF

7 cJ o o 1 QU 1 4 v o Y d’ E2

wasanfivihinistamuadifivussquazarmnudumulunsadvdygyueoadaianild

s o o, L ;% o 1 s'] L o s - €

Jusimuamnudlunsadinduda WMNNIFeNITITENTIERUANYNA BIBIA Y 1D DETALALN DS
Aoansaiunlaoanwuull

3.1.3(7) nsmvuatilaaalnil(Deadtime Control)
o ] 1 a s A -] a’ s I v o L7
AaN1IAMUAEILIAINISNUIURIRY g TunaTuluvaduiu Taldmiaunseuduy
' ! v o - ° & 2 p v o a o =
Jugrnanfineamndf 1 Sunganisihnssuaaunsemfanaiiveamnii 2 Suthnssua el
1 1 L7} d [-] 1 a2 o vV d n' -]
wuladweandi 1 vgatinszuaagreauysalud i lisng 2 Gudinseua Tunisesnuuuay
] 6 o ] o Y] &8) 1 P [T =1 1 tJ v L9 L3
Mvualisesduanunhaiadlugiaiiduuin wihiu 40% nguasiiuiianunieiad 40%
L2 4 =i E73 1 Q L2 =
avpaliussruviaalndeasled TLA9 Ussuey 0.3V Teeldn1swuansamuainunsasus 198
(Vref) failausasus1ed iy 5v



5 50

E AN

f‘.:t:) 40 \\X‘i Veg=15V ol
2 2 NS Vo = Viei

W N 1. Cr=001 pF
T AN Rr=10kQ |
2 \ 2. Cr=0.001 uF
= Rr=30kQ
E 2

0

5 N

8 10 N

a N

g o

® 0 1.0 2.0 3.0 35

Vpr, DEADTIME CONTROL VOLTAGE (IV)

Figure 6. Percent Duty Cycle versus
Deadtime Control Voltage

nl s ¥ L3 1 o 3
JUN 3.5 nTANNANWNGIENINE % Duty cycle Nu Deadtime voltage

Ry

=
@,
|
71
(P
1%

Output 4
¥ e 2 DT -

g Rpr

Q! ] L) L7 &
JUT 3.6 Mauwvawsesiulifiuruealvniives IC TL494



17

Vpp = (LDT——) Vs (2.2)
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#include <18f4520.h>

#fuses HS

#fuses NOLVP

#fuses NOWDT

#fuses NOPROTECT

#use delay(clock = 20000000)

int i=0,j=0;

long sine[50]={ 12, 25, 37#49, 61, 73,-85,796, 107, 117,/127-136;-145, 154
161, 168, 175, 180, 185, 190, 193, 196, 198, 199, 200, 199, 198,
196, 193/190,485, i805dFa, 168 1oL 1540145485 MR7 s,
107, 96, 85,043, 61, 4978125, 12 0F,

void main (void)

for(;;)

output_high(pin_b0);

output_low(pin_b1);

for(i=0;i<50;i++)



output_high(pin_b2);
output_low(pin_b3);
delay_us(sinelil);

output_low(pin_b2);
output_high(pin_b3);

delay us(200-sine[i]);

output_low(pin_b0);

output_high(pin_b1);

for(j=0;j<50;j++)

{
output_low(pin_b2);
output_high(pin_b3);
delay_us(200-sine[j]);
output_high(pin_b2);
output_low(pin_b3);
delay_us(sine[j]);

}
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International

TSR Rectifier

Advanced Process Technology
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

Ease of Paralleling

Simple Drive Requirements

PD - 94008A

IRFP250N

HEXFET® Power MOSFET

D
Vpss = 200V

RDS(on) =0.075Q

Ip = 30A

Description

Fifth Generation HEXFETs from International Rectifier utilize advanced processing
techniques to achieve extremely low on-resistance per silicon area. This benefit,
combined with the fast switching speed and ruggedized device design that
HEXFET Power MOSFETSs are well known for, provides the designer with an
exiremely efficient and reliable device for use in a wide variety of applications.

The TO-247 package is preferred for commercial-industrial applications where
higher power levels preclude the use of TO-220 devices. The TO-247 is similar
but superior to the earlier TO-218 package because of its isolated mounting hole.

X Q -"‘-\

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
b @ Tg = 25°C Continuous Drain Current, Vgs @ 10V 30
Ip@ Tc=100°C| Continuous Drain Current, Vgs @ 10V 21 A
lom Pulsed Drain Current © 120
Po@T¢ = 25°C Power Dissipation 214 W
Linear Derating Factor 1.4 Wi/°C
Vgs Gate-to-Source Voltage +20 \
Eas Single Pulse Avalanche Energy@ 315 mJ
IAR Avalanche Current® 30 A
Ear Repetitive Avalanche Energy@® 21 mJ
dv/dt Peak Diode Recovery dv/dt @ 8.6 Vins
Ty Operating Junction and -65 to +175
Tste Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 Ibfein (1.1N=m)
Thermal Resistance
Parameter Typ. Max. Units
Ruc Junction-to-Case —_ 0.7
Rocs Case-to-Sink, Flat, Greased Surface 0.24 e °C/IW
Roja Junction-to-Ambient R 40
www.irf.com 1

10/7/04



IREP250N Infernational

TGR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. |Units Conditions
V(BR)DSS Drain-to-Source Breakdown Voltage 200 | — | — V | Vgs =0V, Ip = 250pA
AVeripss/AT, | Breakdown Voltage Temp. Coefficient | — | 0.26 | — | V/°C | Reference to 25°C, Ip = 1mA
Rps(on) Static Drain-to-Source On-Resistance | — | — [0.075]| Q | Vgs=10V,Ip=18A @
Vasiih) Gate Threshold Voltage 20 | — | 4.0 V' | Vps = Vgs, Ip = 250pA
Ois Forward Transconductance 17 | — | — S | Vps=50V,Ip=18A ®
Ioss Drain-to-Source Leakage Current mwa Yl B2 A Vos PllWcs = OV
— | — | 250 Vps = 160V, Vgs = 0V, Ty = 150°C
lass Gate-to-Source Forward Leakage — | — | 100 7 Vas = 20V
Gate-to-Source Reverse Leakage — | — | -100 Vas = -20V
Qq Total Gate Charge — | — | 123 Ip = 18A
Qgs Gate-to-Source Charge N 2 o | RN nC | Vps = 160V
Qgd Gate-to-Drain ("Miller") Charge —_— | — | 57 Vgs = 10V, See Fig. 6 and 13 @
td(on) Turn-On Delay Time =) )M = Vop = 100V
tr Rise Time rardl B " S Ip = 18A
toit Turn-Off Delay Time =% W= ¥/ w 2Eed
tf Fall Time — | 33 | — Rp = 5.5Q, See Fig. 10 ®
Lo Intemal Drain Inductance L | a8 h— A .
y fﬁmm (0.2k51n.) GE )
rom package
Ls EmaSburch I PN v e and center gf die contact 5
Ciss Input Capacitance — |2159 | — Vgs = OV
Coss Qutput Capacitance — | 315 | — | pF | Vps =25V
Crss Reverse Transfer Capacitance — | 83 | — f=1.0MHz, See Fig. 5
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max. | Units Conditions
Is Continuous Source Current P g MOSFET symbol ¥
(Body Diode) A showing the
Ism Pulsed Source Current | ] 120 integral reverse L
(Body Diode)®@ p-n junction diode. s
Vsp Diode Forward Voltage — | —| 18 V | Ty=25°C, Is=18A,Vgs =0V ®
ter Reverse Recovery Time — | 186 279 ns | Ty=25°C, Ig = 18A
Qe Reverse Recovery Charge — | 13| 2.0 [ pC | di/dt=100A/us @
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls+Lp)
Notes:
© Repetitive rating; pulse width limited by @ Igp < 18A, di/dt < 374A/us, Vpp < Vigripss:
max. junction temperature. (See Fig. 11) T;£175°C
@ Starting T, = 25°C, L = 1.9mH @ Pulse width < 300ps; duty cycle < 2%.

Rg = 25Q, Ias = 18A. (See Figure 12)

2 www.irf.com



International IRFP250N

ISR Rectifier
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IRFP250N International

TGR Rectifier
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Fig 12a. Unclamped Inductive Test Circuit
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Peak Diode Recovery dv/dt Test Circuit

D.UT —<+ Circuit Layout Considerations
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D - JANUARY 1983 — REVISED MAY 2002

Complete PWM Power-Control Circuitry D, DB, N, NS, OR PW PACKAGE

Uncommitted Outputs for 200-mA Sink or (ToP VIEW)

Source Current 1IN+ [] 1 o 16 [] 2N+

Output Control Selects Single-Ended or 1IN-] 2 15[] 2IN=
Push-Pull Operation FEEDBACK[] 3 14 [] REF

Internal Circuitry Prohibits Double Pulse at DTC[] 4 13{] OUTPUT CTRL
Either Output cT(ls 12]] Voo

Variable Dead Time Provides Control Over RT(]6 1flc2

Total Range eNDf7  1oflE2

Internal Regulator Provides a Stable 5-V cifs sfle

Reference Supply With 5% Tolerance

Circuit Architecture Allows Easy
Synchronization

description

The TL494 incorporates all the functions required in the construction of a pulse-width-modulation (PWM) control
circuit on a single chip. Designed primarily for power-supply control, this device offers the flexibility to tailor the
power-supply control circuitry to a specific application.

The TL494 contains two error amplifiers, an on-chip adjustable oscillator, a dead-time control (DTC)
comparator, a pulse-steering control flip-flop, a 5-V, §%-precision regulator, and output-control circuits.

The error amplifiers exhibit a common-mode voltage range from —-0.3 V to Vgg — 2 V. The dead-time control
comparator has afixed offset that provides approximately 5% dead time. The on-chip oscillator can be bypassed
by terminating RT to the reference output and providing a sawtooth input to CT, or it can drive the common
circuits in synchronous multiple-rail power supplies.

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. The
TL494 provides for push-pull or single-ended output operation, which can be selected through the
output-control function. The architecture of this device prohibits the possibility of either output being pulsed twice
during push-pull operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494l is characterized for operation from
—-40°C to 85°C.

AVAILABLE OPTIONS

PACKAGED DEVICES
SMALL | PLASTIC SMALL erRING, LN SHRINK
Ta OUTLINE DIP OUTLINE SMALL SMALL
o e LE OUTLINE OUTLINE
(DB) (PW)
0°C1070°C | TL494CD | TLA94CN | TL494CNS | TL494CDB | TL494CPW
—40°Cto85°C | TL494ID | TL494IN e e =

The D, DB, NS, and PW packages are available taped and reeled. Add the suffix R to device type (e.g.,

TL494CDR).

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 1Publlcatiun date.
Products conform to specifications per the terms of Te:

dar y. F
testing of all parameters.

Copyright @ 2002, Texas Instruments Incorporated

xas Instruments
ily include

e 3 Texas
INSTRUMENTS
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TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D - JANUARY 1983 — REVISED MAY 2002

FUNCTION TABLE

INPUT TO
OUTPUT CTRL OUTPUT FUNCTION
V| =GND Single-ended or parallel output
V) = Vyef Normal push-pull operation
functional block diagram
OUTPUT CTRL
(see Function Table)
i : Oscillator "
gr.5 At Qt
1D Cc1
Dead-Time Control ) _DO_C
4" 01V Comparator 9 E1
DTC i > C1
g PWM Q2 44
Error Amplifier 1 Comparator & c2
1IN+ A ! 10
pr | E2
1IN= 2 y Pulse-Steering
Flip-Flop
Error Amplifier 2 12 v
2IN+ 18 " oc
15 p
2IN- - Reference 14 REF
Regulator
7
—D GND
3
FEEDBACK 0.7 mA
i
‘b TEXAS
INSTRUMENTS
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D - JANUARY 1983 — REVISED MAY 2002

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supplyveltage, Vo (SEeNOET) .« i v v camis v wmen o s s e o s @ min w b s s i a8 41V
Amplifierinput voltage, V| ... o Ve +0.3V
Collector output voltage, Vo oo 41V
Collectoroutput-curtent:lo: o o s mies 25w 50 i 08 DOIRT 68 FAEE TARET DA IR TLREE TN 3 250 mA
Package thermal impedance, 8 (see Note 2 and 3): D package .............coviiiiiiinen... 73°CIW
DB package «sores samus swemvem s gmes ¢ 82°C/W
Npackage ..........ccoiiviiiinnennnn, 67°C/W
NS package .........ovvviiiiiiinnenennn 64°C/W
PYY DACKAGE, 5 wum s s b i 1 S5bh s s 108°C/W
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............coviiiiiiiiieiiann, 260°C
Storage temperature range, Tgtg oot . comvii i e -65°C to 150°C

T 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.

NOTES: 1. All voltage values are with respect to the network ground terminal.

reco

2. Maximum power dissipation is a function of T j(max), 84, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T j(max) — TA)0a. Operating at the absolute maximum T j of 150°C can affect reliability.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

mmended operating conditions

MIN MAX [ UNIT
Vee Supply voltage 7 40 Vv
V) Amplifier input voltage -03 Vee-2 \
Vo Collector output voltage 40 \
Collector output current (each transistor) 200 mA
Current into feedback terminal 0.3 mA
fosc Oscillator frequency ) 1 300 kHz
Ct Timing capacitor 0.47 10000 nF
Rt Timing resistor 1.8 500 kQ
; TL494C 0 70
TA Operating free-air temperature G
TL494| -40 85

{? TeEXAS
INSTRUMENTS

POST OFFICE BOX 656303 ® DALLAS, TEXAS 75265 3



TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D - JANUARY 1983 — REVISED MAY 2002

electrical characteristics over recommended operating free-air temperature range, Vgcc =15V,
f =10 kHz (unless otherwise noted)

reference section

TL494C, TL494I
PARAMETER TEST CONDITIONST UNIT
MIN TYPE MAX

Qutput voltage (REF) lp=1mA 4,75 5 525 \'
Input regulation Veg=7Vitod0V 2 25 mV
Output regulation lo=1mAto 10 mA 1 16 mV
Output voltage change with temperature ATp = MIN to MAX 2 10 | mviv
Short-circuit output current§ REF=0V 25 mA

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
% All typical values, except for parameter changes with temperature, are at Ta = 25°C.
§ Duration of the short circuit should not exceed one second.

oscillator section, Ct = 0.01 uF, Rt =12 kQ (see Figure 1)

TL494, TL494I
PARAMETER TEST CONDITIONST UNIT
MIN TYPE MAX
Frequency 10 kHz
Standard deviation of frequencyl All values of Ve, CT, RT, and Ta constant 100 Hz/kHz
Frequency change with voltage Vec=7Viod40V, Ta = 25°C 1 Hz/kHz
Frequency change with temperature# ATA = MIN to MAX 10 | Hz/kHz

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ All typical values, except for parameter changes with temperature, are at Ta = 25°C.
1 Standard deviation is a measure of the statistical distribution about the mean as derived from the formula:

# Temperature coefficient of timing capacitor and timing resistor are not taken into account.

error-amplifier section (see Figure 2)

TL494, TL494l
PARAMETER TEST CONDITIONS UNIT
MIN TYPF MAX

Input offset voltage Vo (FEEDBACK) =25V 2 10 mV
Input offset current Vo (FEEDBACK) =25V 25 250 nA
Input bias current Vo (FEEDBACK)=2.5V 0.2 1 HA
Common-mode input voltage range  [Vgg=7Vto 40V vgé-tg \"
Open-loop voltage amplification AVp =3V, RL =2 k0, Vo=05Vto35V 70 95 dB
Unity-gain bandwidth Vo=05Vto 3.5V, RL=2kQ 800 kHz
Common-mode rejection ratio AVp =40V, Ta =25°C 65 80 dB
QOutput sink current (FEEDBACK) Vip=-15mVto-5V, V (FEEDBACK) = 0.7V 0.3 0.7 mA
QOutput source current (FEEDBACK) |Vip=15mVto 5V, V (FEEDBACK)=3.5V -2 mA

¥ All typical values, except for parameter changes with temperature, are at Tp = 25°C.

{'f TEXAS
INSTRUMENTS
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D — JANUARY 1983 — REVISED MAY 2002

electrical characteristics over recommended operating free-air temperature range, Vogc =15V,
f =10 kHz (unless otherwise noted)

output section

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Collector off-state current Vce=40V, Ve =40V 2 100 HA
Emitter off-state current Veec=Vg =40V, VE=0 -100 WA
) ) Common emitter | VE =0, Ic =200 mA 1.1 1.3
Callector-emitter saturation voltage - Y
Emitter follower Vo(c1orc2)= 15V, Ig=-200mA 1.5 25
Output control input current V| = Vyef 3.5 mA
TAll typical values except for temperature coefficient are at T = 25°C.
dead-time control section (see Figure 1)
PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Input bias current (DEAD-TIME CTRL) Vi=0to5.25V -2 -10 LA
Maximum duty cycle, each output V| (DEAD-TIME CTRL) =0, C7=0.01 uF, RT =12 kQ 45%
Zero duty cycle 3 3.3
Input threshold voltage (DEAD-TIME CTRL) - \Y
Maximum duty cycle 0
T All typical values except for temperature coefficient are at Tp = 25°C.
PWM comparator section (see Figure 1)
PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Input threshold voltage (FEEDBACK) Zero duty cycle 4 4.5 \
Input sink current (FEEDBACK) V (FEEDBACK) = 0.7 V 0.3 0.7 mA
T All typical values except for temperature coefficient are at Tp = 25°C.
total device
PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
+ Veg=15V 6 10
Standby supply current RT = Vref, All other inputs and outputs open mA
Vee =40V 9 15
Average supply current V| (DEAD-TIME CTRL) =2V, See Figure 1 76 mA
T All typical values except for temperature coefficient are at Tp = 25°C.
switching characteristics, Tp = 25°C
PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Rise time ) " h 100 200 ns
- Common-emitter configuration, See Figure 3
Fall time 25 100 ns
Rise time . . g 100 200 ns
- Emitter-follower configuration, See Figure 4
Fall time 40 100 ns

T All typical values except for temperature coefficient are at Ta = 25°C.

‘Q‘ TEXAS
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TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D — JANUARY 1983 — REVISED MAY 2002

Voltage
at C1

Voltage
atC2

Voltage

atCT

DTC

ov

FEEDBACK

0.7V
Duty Cycle

PARAMETER MEASUREMENT INFORMATION

Ve =15V
12 ; 150 Q 150 Q
2W 2w
4 Ve 8
DTC C1 ® QOutput 1
2 FEEDBACK E1 d il
12 kQ 6 ” -
RT c2 Output 2
|—5 cT EzL_L
0.01 uF =
1
1IN+
2
16 1IN= Error
2IN+ [ Amplifiers
5 oiN-
131 ouTPUT REF |14
CTRL
* GND
50 kQ2
TEST CIRCUIT

SRS RS [T
B NP N & I

N
14

V

Threshold Voltage — —

VOLTAGE WAVEFORMS

Figure 1. Operational Test Circuit and Waveforms
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D - JANUARY 1983 — REVISED MAY 2002

PARAMETER MEASUREMENT INFORMATION

Amplifier Under Test
+

viilD p—— FEEDBACK

_ﬁd-

Vref

Other Amplifier

Figure 2. Amplifier Characteristics

R !

Each Output

Circuit Output

CpL=15pF
(See Note A)

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
NOTE A: Ci includes probe and jig capacitance.

Figure 3. Common-Emitter Configuration

15V

F e & 0 iy
| Each Output
| Circuit

Output
R 90%

————

68 Q
2w

I

| | 10%

l |

|

= et [
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

NOTE A: C includes probe and jig capacitance.

Figure 4. Emitter-Follower Configuration
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PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D — JANUARY 1983 — REVISED MAY 2002

TYPICAL CHARACTERISTICS

OSCILLATOR FREQUENCY AND
FREQUENCY VARIATIONtT
vs

- TIMING RESISTANCE
T 100k : = T
& ' Vec =15V 1
2 40k . E TA=25C T
e L
N =T T3

2 10k |t —1% L] T 0.001 uF 1]
Z = s 2
c 13 . S,
% 4k p% ‘L\\ 0.01 [.LF N < g
8 N
= N L—=—TT1TTMN
T 1k ! e 0.1 pF soppDe] !
© : = t T
S ] Il 117 |
2 400 ! ] T
g AN pff=1% I

N M
£ 100 1. NP [T,
5 CT =1 UF =] N
5 4 N N
= . N
v
o ™ N
1 10 hN N
L 1k 4k 10k 40k 100k 400k 1M

RT - Timing Resistance - Q
T Frequency variation (Af) is the change in oscillator frequency that occurs over the full temperature range.

Figure 5

AMPLIFIER VOLTAGE AMPLIFICATION

Vs
FREQUENCY
100 T
= Ve =15V
90 \\ AVQ=3V
Ta =25°C
80 X

. A
60 \
0 N\
30 \
A\

20 N

A — Amplifier Voltage Amplification — dB

10 \\
1 10 100 1k 10k 100k 1™
f - Frequency — Hz

Figure 6
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Data Sheet No. PD60147 Rev.T

International
TGR Rectifier IR2110(S)/IR2113(S) & (PbF)
HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VorrseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dV/dt immune
® Gate drive supply range from 10 to 20V lo+/- 2A [ 2A
e Undervoltage lockout for both channels
® 3.3V logic compatible Vourt 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground £V offset ton/off (typ.) 120 & 94 ns
® CMOS Schmitt-triggered inputs with pull-down ;
® Cycle by cycle edge-triggered shutdown logic Delay MatChmg (:Egng) :,]2% \nax.
® Matched propagation delay for both channels ( ) ns max.

® Qutputs in phase with inputs
e Also available LEAD-FREE

Description %
The IR2110/IR2113 are high voltage, high speed power MOSFET and

IGBT drivers with independent high and low side referenced output
channels. Proprietary HVIC and latch immune CMOS technologies 14-Lead PDIP |R123'1L§§?|§2c1)!1%s
enable ruggedized monolithic construction. Logic inputs are compat- IR2110/IR2113

ible with standard CMOS or LSTTL output, down to 3.3V logic. The
output drivers feature a high pulse current buffer stage designed for minimum driver cross-conduction. Propaga-
tion delays are matched to simplify use in high frequency applications. The floating channel can be used to drive
an N-channel power MOSFET or IGBT in the high side configuration which operates up to 500 or 600 volts.

Packages

Typical Connection up to 500V or 600V

— HO —‘ | r__ljr T~
VDD O—T— VDD VB e MWy
HIN o——F HIN Ve —= ° 10
SD o sD — & o-OAD
LIN® LIN Vee F—1

> —

Vg © Ve COM 3 ’ }339
Voo *— — LO A

(Refer to Lead Assignments for correct pin configuration). This/These diagram(s) show electrical
connections only. Please refer to our Application Notes and DesignTips for proper circuit board layout.

www.irf.com 1



IR2110(S)/IR2113(S) & (PbF)

Absolute Maximum Ratings
Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.

International
TGR Rectifier

Symbol Definition Min. Max. Units
Vg High side floating supply voltage (IR2110) -0.3 525
(IR2113) -0.3 625
Vs High side floating supply offset voltage Vg-25 Ve + 0.3
VHo High side floating output voltage V5-0.3 Vg + 0.3
Vee Low side fixed supply voltage -0.3 25
Vio Low side output voltage -0.3 Ve + 0.3 ¥
Vbp Logic supply voltage -0.3 Vgs + 25
Vss Logic supply offset voltage Ve - 25 Ve + 0.3
VIN Logic input voltage (HIN, LIN & SD) Vgs-0.3 Vop +0.3
dVg/dt Allowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Ta < +25°C (14 lead DIP) — 1.6
(16 lead SOIC) — W25 %
RTHJA Thermal resistance, junction to ambient (14 lead DIP) — i) .
(16 lead SOIC) — 100 Y
Ty Junction temperature — 150
Ts Storage temperature -56 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and Vgg offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

Vg High side floating supply absolute voltage Vs +10 Vg + 20

Vs High side floating supply offset voltage  (IR2110) Note 1 500

(IR2113) Note 1 600

VHo High side floating output voltage Vs VB

Ve Low side fixed supply voltage 10 20 v
Vio Low side output voltage 0 vce
Vpp Logic supply voltage Vgg + 3 Vgg + 20

Vss Logié supply offset voltage -5 (Note 2) 5

VIN Logic input voltage (HIN, LIN & SD) Vss Vbp

Ta Ambient temperature -40 125 °C

Note 1: Logic operational for V5 of -4 to +500V. Logic state held for Vs of -4V to -Vgs. (Please refer to the Design Tip
DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vsg offset is limited to -Vpp.

2
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International
IGR Rectifier

IR2110(S)/IR2113(S) & (PbF)

Dynamic Electrical Characteristics

Veias (Vecc, Ves, Vop) = 15V, CL = 1000 pF, Tp = 25°C and Vgg = COM uniess otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

Symbol Definition Figure | Min. | Typ. |Max. | Units |Test Conditions
ton Turn-on propagation delay 7 — 120 | 150 Vs =0V
toff Turn-off propagation delay 8 — 94 125 Vs = 500V/600V
tsd Shutdown propagation delay 9 — 110 | 140 s Vg = 500V/600V
tr Turn-on rise time 10 - 25 35
tf Turn-off fall time 11 —_ 17 25
MT Delay matching, HS & LS (I'R2110) — - — 10
turn-on/off (IR2113) — — — 20

Static Electrical Characteristics

Veias (Vce, VBs, Vop) = 15V, Ta = 25°C and Vs = COM unless otherwise specified. The VN, VTH and |y parameters
are referenced to Vs and are applicable to all three logic input leads: HIN, LIN and SD. The Vg and lp parameters are
referenced to COM and are applicable to the respective output leads: HO or LO.

Symbol Definition Figure |[Min. | Typ. Max.| Units |Test Conditions
ViH Logic “1" input voltage 12 9.5 —_ —_
ViL Logic “0" input voltage 13 —_ —_ 6.0
VoH High level output voltage, Vgias - Vo 14 —_ —_ Ty v lo=0A
VoL Low level output voltage, Vo 15 - —_ 0.1 lo=0A
ILK Offset supply leakage current 16 — — 50 Vg=Vg = 500V/600V
laBs Quiescent Vgsg supply current 1z — 125 | 230 ViN =0V or Vpp
lacc Quiescent Vg supply current 18 — 180 | 340 i VIN =0V or Vpp
lapp Quiescent Vpp supply current 19 — 15 30 ViN =0V or Vpp
I+ Logic “1" input bias current 20 — 20 | 40 Vin = Vpp
IIN- Logic “0" input bias current 21 - — 1.0 ViN= 0V
Vesuv+ | VBs supply undervoltage positive going 22 5 8.6 Qe
threshold
VBsUV- Vgs supply undervoltage negative going 23 7.0 8.2 9.4
threshold
Vecuv+ | Vec supply undervoltage positive going 24 7.4 8.5 9.6
threshold v
Vecouy- Ve supply undervoltage negative going 25 7.0 8.2 9.4
threshold
lo+ Output high short circuit pulsed current 26 2.0 2.5 — Vo=0V, ViN=Vbp
PW <10 ps
lo. Output low short circuit pulsed current 27 2.0 25 - A Vo =15V, ViN =0V
PW <10 us
www.irf.com 3




IR2110(S)/IR2113(S) & (PbF) Infernational

IGR Rectifier
Functional Block Diagram

|- -TTTTTTTTTT T TTTTTTTTETTTTTTTTTTS T TSI T T T T T T T T T T T A

| * *+—4V,

| ; oV [
Voo+_' = 1 & @ :

I LEVE S R e}

; i %
HIN :} Yo— LEVEL !

: 1 sHIT | ' puLse —|E A

i GEN |
p
| hs VCC
I uv |

- DETECT

| |
VooV, |

g Foy—F==] o (Bt T
: S SHIFT —I |
[ R Q DELAY :

Lead Definitions

Symbol| Description

Voo Logic supply

HIN Logic input for high side gate driver output (HO), in phase
sD Logic input for shutdown

LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground

Ve High side floating supply

HO High side gate drive output

Vs High side floating supply return

Vce Low side supply

LO Low side gate drive output

COM Low side return

Lead Assignments

[g] Ho [7]
] voo vs [ €]
[0T] HIN vs [5]
[ir] so X
0z] un vee [3]
(iz] vss com [2]
04 o~ oM
14 Lead PDIP 16 Lead SOIC (Wide Body)
IR2110/IR2113 IR2110S/IR2113S

4 www.irf.com
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Voo =15V HV = 10 to 500V/600V
?
T e
10 201
)[R S 200 +
F A £ 1004F
l“ I 0 & Iﬂ; iH 1okFg]
HIN 5 =
1
LIN :

D_‘ o HO =

=17 1 ¥ l —2>50 Vins
sD ik D—'_ ouTPUT  TOKFB

il MONITOR

g 132 =

HO IRF820 (_ﬁ It

L0 T

Figure 1. Input/Output Timing Diagram

Figure 2. Floating Supply Voltage Transient Test Circuit

Ve =16V
1 v,
I B
10 Lo o
Tur Lo l ol Lo *
=" 2 s 3 6 OFT TuF 18V
10 9 C Vs
HIN o——— L
7T o (0 o 500V/600V) L
SD O] 11 A lﬂ; 90%
Lo B
LIN O—L[>—‘_ [ L
L
s W 2 I

Figure 3. Switching Time Test Circuit Figure 4. Switching Time Waveform Definition

50%
SD Lo/ /Ho
tsd €
£ £10%
HO 90%
LO MT =g — MT
90%
LO HO

Figure 5. Shutdown Waveform Definitions Figure 6. Delay Matching Waveform Definitions

www.irf.com



IR2110(S)/IR2113(S) & (PbF) Intermational

ISR Rectifier
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Figure 7A. Turn-On Time vs. Temperature Figure 7B. Turn-On Time vs. Vcc/Vies Supply Voltage
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Figure 7C. Turn-On Time vs. VDD Supply Voltage Figure 8A. Turn-Off Time vs. Temperature
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Figure 9A. Shutdown Time vs. Temperature

250 4
\|

T 200 "
= ol e
E 150 ans
L =
& T — T
® '-_---u-_,_.I -
8 100 =
g Typ
|
£ 50
1 et
%]

0

0 2 4 6 8 10 12 14 16 18 20

VDD Supply Voltage (V)

Figure 9C. Shutdown Time vs. Vop Supply Voltage

100

80

@
=1

Tum-On Rise Time (ns)
.
o
|

20

0

10 12 14 16 18 20
Vaias Supply Voltage (V)

Figure 10B. Turn-On Rise Time vs. Voltage
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Figure 10A. Turn-On Rise Time vs. Temperature
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Figure 12B. Logic “1” Input Threshold vs. Voltage
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Figure 13B. Logic “0” Input Threshold vs. Voltage
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Figure 13A. Logic “0” Input Threshold vs. Temperature
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IGR Rectifier
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ISR Rectifier

Case Outlines
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— NOTES:
(6) - 1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M~1982.
el s e W W e e B | L8 2. CONTROLLING DIMENSION: INCH.
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INSULATED GATE BIPOLAR TRANSISTOR WITH UltraFast CoPack IGBT
ULTRAFAST SOFT RECOVERY DIODE

Features ¢

e UltraFast: Optimized for high operating Veces = 1200V
frequencies up to 40 kHz in hard switching,
>200 kHz in resonant mode

* New IGBT design provides tighter 6 Vce(on) typ. = 2.78V

parameter distribution and higher efficiency than
previous generations

« IGBT co-packaged with HEXFRED™ ultrafast,
ultra-soft-recovery anti-parallel diodes for use in n-channel
bridge configurations

* Industry standard TO-247AC package

i’ @Vge =15V, Ic=24A

Benefits
* Higher switching frequency capability than
competitive IGBTs
* Highest efficiency available
* HEXFRED diodes optimized for performance with
IGBT's . Minimized recovery characteristics require
less/no snubbing

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units

Vces Collector-to-Emitter Breakdown Voltage 1200 v
Ic @ Tc =25°C Continuous Collector Current 45

Ic @ Tg =100°C | Continuous Collector Current 24 A
lem Pulsed Collector Current @ 180

ILm Clamped Inductive Load Current @ 180

Ir @ Tc=100°C | Diode Continuous Forward Current 16

IFm Diode Maximum Forward Current 180

Vee Gate-to-Emitter Voltage +20 V
Pp @ T¢ =25°C Maximum Power Dissipation 200

Pp @ T¢ =100°C | Maximum Power Dissipation 78 i
Ty Operating Junction and -55 to + 150

Tsra Storage Temperature Range b

Soldering Temperature, for 10 seconds 300 (0.063 in. (1.6mm) from case )
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units

Rosc Junction-to-Case - IGBT = . 0.64

Reuc Junction-to-Case - Diode e — 0.83 °C/W
Recs Case-to-Sink, flat, greased surface — 0.24 —

RaJa Junction-to-Ambient, typical socket mount — — 40

Wit Weight _— 6 (0.21) — g (0z)
www.irf.com 1
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IRG4PH50UD TR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
VisR)cES Collector-to-Emitter Breakdown Voltage® |1200| — | — V | Vge =0V, Ig = 250pA
AViprices/AT, | Temperature Coeff. of Breakdown Voltage | — |1.20 | — | V/°C | Vee =0V, Ic = 1.0mA
VeEg(on) Collector-to-Emitter Saturation Voltage | — [2.56 | 3.5 Ic = 20A Vae = 15V
— |2.78| 3.7 Ic = 24A
— 320 — | V |lg=45A See Fig. 2, 5
— |2.54 | — lc =24A, Ty=150°C
VaE(h) Gate Threshold Voltage 30| — | 60 Vce = VaE Ig = 250pA
AVggy/ATy | Temperature Coeff. of Threshold Voltage — | =13 | — |mV/°C| Ve = VagE, Ic = 250pA
Ote Forward Transconductance & 23] 35 | — S Vce = 100V, Ic = 24A
Ices Zero Gate Voltage Collector Current — | — | 250 | pA | Vge =0V, Vce = 1200V
— | — |6500 Vge = 0V, Vee = 1200V, Ty = 150°C
VEm Diode Forward Voltage Drop — | 25| 35 Vv lc = 16A See Fig. 13
— |21 ] 30 Ic = 16A, Ty = 150°C
lges Gate-to-Emitter Leakage Current — | — |+100| nA | Vgg =20V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. [ Typ. | Max. [ Units Conditions
Qq Total Gate Charge (turn-on) — | 160 | 250 Ic = 24A
Qge Gate - Emitter Charge (turn-on) — | 27 | 40 nC | Vec =400V See Fig. 8
Qg Gate - Collector Charge (turn-on) — [ 63 | 80 Vge = 15V
td(on) Turn-On Delay Time RGN E Ty=25°C
t Rise Time — | 24 = ns | Ig = 24A, Voo = 800V
ta(ofh) Turn-Off Delay Time — [ 110 170 Vge = 18V, Rg = 5.0Q2
t Fall Time — | 180 | 260 Energy losses include "tail" and
Eon Turn-On Switching Loss — |2d|” — diode reverse recovery.
Eofi Turn-Off Switching Loss — |1.50| — mJ | See Fig. 9, 10, 18
Eis Total Switching Loss — |3.60]| 46
td(on) Turn-On Delay Time — | 46 | — Ty,=150°C, See Fig. 11, 18
ty Rise Time — | 27 | — ns | lg=24A, Vgc = 800V
taolly Turn-Off Delay Time — | 240 | — Vge = 15V, Rg = 5.0Q2
t; Fall Time — | 330 — Energy losses include "tail" and
Eis Total Switching Loss — |6.38| — md | diode reverse recovery.
Lg Internal Emitter Inductance — [ 18 | — nH | Measured 5mm from package
Cies Input Capacitance — |3600| — Vge = 0V
Coes Output Capacitance — | 160 | — pF | Vgo =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 31 — f=1.0MHz
ter Diode Reverse Recovery Time — | 90 [ 135 | ns | Ty=25°C See Fig.
— | 164 | 245 Ty=1258°C 14 Ir=16A
Iee Diode Peak Reverse Recovery Current | — | 5.8 | 10 A | Ty=25°C See Fig.
— | 83| 15 Ty=125°C 18 Vg = 200V
Qr Diode Reverse Recovery Charge — | 260 | 675 | nC | Ty=25°C See Fig.
— | 680 | 1838 Ty=125°C 16 | di/dt = 200A/ps)
direc)w/dt Diode Peak Rate of Fall of Recovery — | 120 | — | Aflus| Ty=25°C See Fig.
During ty — | 76 | — Ty=125°C 17

2
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IRG4PH50UD

30
For both:
25 Dulv cvela: 509
[ ——t— Duty cycle: 50%
. T Ty = 125°C
< Teink = 90°C
> 20 \ Gsallr}akdlive as specified
E Power Dissipation = 40W
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[am N |
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= 8 | F\\\
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f, Frequency (KHz)
Fig. 1 - Typical Load Current vs. Frequency
(Load Current = Igys of fundamental)
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Notes:

International
TR Rectifier

@ Repetitive rating: Vge=20V; pulse width limited by maximum junction temperature

(figure 20)

@Vee=80%(Vees), Vae=20V, L=10pH, Rg=5.0Q (figure 19)
@ Pulse width <80ps; duty factor<0.1%.
@ Pulse width 5.0ps, single shot.

Case Outline — TO-247AC

3.65 (.143)

15.90 (.626) 2 355 (.140)
15.30 (.602) [&[@025 (010 @[D[B @)
] [E]

20.30 (.800)
19.70 (.775)

D A

—

5.50(217)
KD 5o

?

, 1480 (383)
14.20 (559

2.40 (.094)
2.00 (.079)

2X

2x

430 (170)
3.70(.145)

1.40 (.056)
1.00 (.039)
3.40(.133)
3.00(.118)

J

D
5.30 (:209)
4.70 (.185)

| 250(.088)

1.50(.058)

L7

Vi

| ., 080(031)
X .40 (016)

| 2.60(.102)
2.20(087)

NOTES:

1 DIMENSIONS & TOLERANCING
PER ANSIY14.5M, 1982,

2 CONTROLLING DIMENSION : INCH.

3 DIMENSIONS ARE SHOWN
MILLIMETERS (INCHES).

4 CONFORMS TO JEDEC QUTLINE
T0-247AC.

LEAD ASSIGNMENTS
1-GATE
2-COLLECTOR
3-EMITTER
4-COLLECTOR

« LONGER LEADED (20mm)
VERSION AVAILABLE (TO-247AD)
TO ORDER ADD “E* SUFFIX
TO PART NUMBER

CONFORMS TO JEDEC QUTLINE TO-247AC (TO-3P)
Dimensions in Millimeters and (Inches)

International
TSR Rectifier
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MICROCHIP

PIC18F2420/2520/4420/4520

28/40/44-Pin Enhanced Flash Microcontrollers with
10-Bit A/D and nanoWatt Technology

Power Management Features:

* Run: CPU on, Peripherals on

+ Idle: CPU off, Peripherals on

+ Sleep: CPU off, Peripherals off

» Ultra Low 50nA Input Leakage

* Run mode Currents Down to 11 pA Typical

+ Idle mode Currents Down to 2.5 pA Typical

« Sleep mode Current Down to 100 nA Typical
+ Timer1 Oscillator: 900 nA, 32 kHz, 2V

+ Watchdog Timer: 1.4 pA, 2V Typical

+ Two-Speed Oscillator Start-up

Flexible Oscillator Structure:

+ Four Crystal modes, up to 40 MHz
+ 4x Phase Lock Loop (PLL) — Available for Crystal
and Internal Oscillators
+ Two External RC modes, up to 4 MHz
+ Two External Clock modes, up to 40 MHz
+ Internal Oscillator Block:
- Fast wake from Sleep and Idle, 1 us typical
- 8 use-selectable frequencies, from 31 kHz to
8 MHz
- Provides a complete range of clock speeds
from 31 kHz to 32 MHz when used with PLL
- User-tunable to compensate for frequency drift
+ Secondary Oscillator using Timer1 @ 32 kHz
» Fail-Safe Clock Monitor:
- Allows for safe shutdown if peripheral clock stops

Peripheral Highlights:

+ High-Current Sink/Source 25 mA/25 mA

+ Three Programmable External Interrupts

* Four Input Change Interrupts

* Up to 2 Capture/Compare/PWM (CCP) modules,
one with Auto-Shutdown (28-pin devices)

« Enhanced Capture/Compare/PWM (ECCP)
module (40/44-pin devices only):
- One, two or four PWM outputs
- Selectable polarity
- Programmable dead time
- Auto-shutdown and auto-restart

Peripheral Highlights (Continued):

Master Synchronous Serial Port (MSSP) module

Supporting 3-Wire SPI (all 4 modes) and 12C™

Master and Slave modes

Enhanced Addressable USART module:

- Supports RS-485, RS-232 and LIN/J2602

- RS-232 operation using internal oscillator
block (no external crystal required)

- Auto-wake-up on Start bit

- Auto-Baud Detect

10-Bit, up to 13-Channel Analog-to-Digital (A/D)

Converter module:

- Auto-acquisition capability

- Conversion available during Sleep

Dual Analog Comparators with Input Multiplexing

Programmable 16-Level High/Low-Voltage

Detection (HLVD) module:

- Supports interrupt on High/Low-Voltage Detection

Special Microcontroller Features:

C Compiler Optimized Architecture:

- Optional extended instruction set designed to
optimize re-entrant code

100,000 Erase/Write Cycle Enhanced Flash

Program Memory Typical

1,000,000 Erase/Write Cycle Data EEPROM

Memory Typical

Flash/Data EEPROM Retention: 100 Years Typical

Self-Programmable under Software Control

Priority Levels for Interrupts

8 x 8 Single-Cycle Hardware Multiplier

Extended Watchdog Timer (WDT):

- Programmable period from 4 ms to 131s

Single-Supply 5V In-Circuit Serial

Programming™ (ICSP™) via Two Pins

In-Circuit Debug (ICD) via Two Pins

Wide Operating Voltage Range: 2.0V to 5.5V

Programmable Brown-out Reset (BOR) with

Software Enable Option

Program Memory Data Memory CCP/ MSSP ]
- 10-Bit - < Timers
Device | Flash |# Single-Word | SRAM|EEPROM | /0 | o/ (.| ECCP Master| o | Comp. | g 0 m
" (C ) PWM SPI 2 =2 I
(bytes) | Instructions |(bytes)| (bytes) ( ) [<c™ [}
PIC18F2420 | 18K 8192 768 256 25 10 2/0 Y X 1 2 1/3
PIC18F2520 | 32K 16384 1536 256 25 10 2/0 Y Y 1 2 1/3
PIC18F4420 | 16K 8192 768 256 36 13 11 Y X 1 2 113
PIC18F4520 32K 16384 1536 256 36 13 11 Y Y 1 2 173

© 2008 Microchip Technology Inc.
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PIC18F2420/2520/4420/4520

Pin Diagrams

28-Pin SPDIP, SOIC

MCLRAVPRIRES —= [ 1 ~ 28] =<—= RB7/KBI3/PGD
RAO/ANO =[] 2 27[] =— RB6//KBI2/PGC
RA1/ANT =—=[] 3 26[] <—= RBS5/KBI1/PGM
RA2/AN2/VREF-/CVREF =—[| 4 25[] <— RB4/KBIO/AN11
RA3/AN3NVREF+ —=[] 5 oo 24[] =— rBa/aNg/ICCP2(Y)
RAHTOCKICIOUT ~—[] & 98 23[] =—= RB2/INT2/ANS
RAS/AN4/SS/HLVDIN/C20UT =—=[] 7 Pl T 22[] == RB1/INT1/AN10
vss —[] 8 o« 21[] == RBO/INTO/FLTO/AN12
OSC1/CLKIRAT =[] 9 o0 20[ ] =— Voo
0SC2/CLKO/RAG =—= [ 10 o 19 =—vss
RCOM10SO/T13CKI =—[] 11 18[] =— RC7/RX/DT
RC1/T108ICCP2M =—[] 12 17[0] =— RCB/TXICK
RC2/CCP1 =—=[] 13 16[] =—= RC5/SDO
RC3/SCK/SCL =—=[|14 15[ ] =—= RC4/SDI/SDA
[3¢] —
28-Pin QFN W83 T
SLEEN =S
zZ E D005
Txexxxl
~—OlH~Nown
selsggzg
2827262524 2322
RA2/AN2/VREF-/CVREF = | 1 ® 21| <— RB3/ANg/CCP2(1)
RA3/AN3NVREF+ = | 2 201 <—= RB2/INT2/ANS
RA4TOCKIICIOUT =— |3 PIC18F2420 191 = RB1/NT1/AN10
RAS/AN4/SS/HLVDIN/C20UT =—s | 4 PIC18F2520 18 | =—= RBO/INTO/FLTO/AN1T2
Vs —= | 5 17 | =— VoD
OSC1/CLKI/RAT —+ | 6 16| =— Vss
0OSC2/CLKO/RAB =— | 7 15| =— RC7/RX/DT
8 91011121314
TT rA<0x
gabges
5635888
FBEFIT R
o8 of
6%y ) €
84
T x
A FinERIE MCLR/VPRIRES —— (] 1 -7 40 [J =— RB7/KBI3/PGD
RAQ/ANO <[] 2 3g [] =—= RBB/KBI2IPGC
RA1/AN1 =—[] 3 38 [J =——= RB5/KBI1/PGM
RA2/AN2/VREF-/CVREF <—e- [ 4 37 [1 =— RB4/KBIO/AN11
RA3/AN3/VREF+ <—=[] 5 36 [1 =— RB3/ANO/CCP2(Y)
RA4/TOCKI/C10UT +—[] & 35 [] =—— RB2/INT2/ANS
RAS/AN4/SS/HLVDIN/C20UT «—— [ 7 34 [1 =—— RB1/INT1/AN10
REO/RD/ANS =—=[] 8 28 33 [1 ~— RBO/INTO/FLTO/AN12
RE1/WR/ANG =—=[] 9 < 32 [ =— Voo
RE2/CS/AN7 =—[] 10 E E 31 [] =——Vss
VoD —— [ 11 0 30 [J =— RD7/PSP7/P1D
Vss . []12 5 5 29 [] =—— RD6/PSPE/P1C
OSC1/CLKI/RA7 <—s[] 13 o 28 [] =— RD5/PSPS/P1B
OSC2/CLKO/RAS =[] 14 27 [] =~ RD4/PSP4
RCO/T10SO/T13CKI <—[] 15 26 [1 =—— RC7/RX/DT
RctmiosiceP2M < w16 25 [] =— RCHTXICK
RC2/CCP1PIA <[] 17 24 [] =~—= RC5/SDO
RC3/SCKISCL =—[] 18 23 [] ~— RC4/SDI/SDA
RDO/PSP0 =—=[] 19 22 [1 =—= RD3/PSP3
RDA/PSP1 =— ] 20 21 [J =— RD2/PSP2

Note 1: RB3 is the altemate pin for CCP2 multiplexing.
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PIC18F2420/2520/4420/4520

Pin Diagrams (Cont.’d)

44-pin TQFP
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Note 1: RB3 is the altemate pin for CCP2 mulliplexing.
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RD6/PSPE/P1C =1L 4 3013 =—= OSC1/CLKIRA7
RD7/PSP7/P1D =—=CII 5 PIC18F4420 ggm'— \\;ss
e TT] I <+— \/pD
\\/Igg —-—:u:? PIC18F4520 ;b RE2/CSIANT
RBO/IINTO/FLTO/AN12 == CIL 8 26T =+— ggé%mlg
RB1/INT1/AN10 =—=CIT 9 25 == \NS
RB2/INT2/ANS =—=CIT] 10 24[TT0 ~—= RAS5/AN4/SS/HLVDIN/C20UT
RBIANQICCP2M! =—=CIT 11 | o o o e 23 = RA4/TOCKIG1OUT
e e NN
QO One =
2ZZ500H22 L0
e N\ ES=D 5
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—_— 1 -
RD4/PSP4 <—»| 2 32| =—= OSC1/CLKIRA7
RD5/PSPS/P1B =—=| 3 31| =+ Vss
RDE/PSPE/P1C <= 4 30| = Vss
RDTJ‘FSP?II:I‘ISIZ -—— g PIC18F4420 gg - Sgg
voo —=)7  PIC18F4520  27]{ ~— RE2/CS/ANT
VoD —=| 8 26] == RE1/WR/ANG
RBO/INTO/FLTO/AN12 <—s] g 25] = REO/RD/ANS
RBA/INT1/AN10 =—» | 10 24| = RA5/AN4/SS/HLVDIN/C20UT
RB2/INT2/ANS =—s] 11 23] == RA4/TOCKI/C10OUT
Hedodee sgoy
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5 ZCEeES<aE
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