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2.6.2 PIC #11a914 9

Mcu Tuaszga PIC duivesnnmriiaveahlsunsumm T3 miv iRy 3 wuy
1. OTP (one time programmable)
2. EPROM (erasable programable ROM)

3. EEPROM / Flash (electronically erasable programmable ROM)

o o = o 1w
n. oTp iludlssuananisimgniiga luawdsznn - dungaundid
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16C84,16C74
R\ MicRocHIP

40-LEAD PDIP
‘P"OR-PL*

gﬂﬁ 2,25 OTF (One Time Programmable)
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3171 2.26 EPROM (Erasable Programable ROM)
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1 ] 3
A1 EEPROM / Flash iiusialszunanaiionnyr liniliies dauves T sunsun T3
' -] ¥ o ¥ 3 [P =
awsesuniedvudodygrumaiiihldoatunsaudeyabindui wazansoay
3 ] 1
waz@onlnildnarwiuass vinldiluidouiigalu 3 dszian iddnus Fdludaven w

16F84, 16F877

ﬁ\ MicrocHIP

40-LEAD PDIP
‘P~OR-PL"

31Jﬁ 2.27 EEPROM / Flash (Electronically Erasable Programmable ROM)

2.6.3 InseairuazaorilnonisuvedlyTnsaeu Tnsawes PIC16F877

TulasnouInsaaosaszna PIC wowsimlulnsdn (Microchip) Invmwiziues
picisre77 il lnsneuInsaaefisida ldsunauiiouediunivat  tesninidiu
lnspeulnsaiasfuuunsng #iin151szutananuy RISC Processor (RISC : Reduced
Instruction Set Computer ) Tagl¥danmisszutanafios 33 - 35 fda wozldanlums
Yizaaddaiios 1 vde 2 machine cycle doddaiii nalszanamdauiiudaves Pipe
Line fovmsilszuaanadidasnoziing lnasmdsta hluuaiousald sl¥msmaud
a0 venonuluialnsardiadnlszneudauerianaiiledsulugadmiulFoy
AL AL 9 WINNY 18un Iljﬂ’ﬂ Analog to Digital Converter , USART , Timer / Counter , SPI,
Compare / Capture / PWM , 12C 1tiuéu Iuaamdﬁfﬁ' wdanuaunse iy 19w s
ptarannaty Usznoufuiindesielumsdanifiounion quauiAvedluTnineu
Tnsodnd PICI6F877 HdaiiAe

o Stdalunmuomduud 35 frds

e ldnrmdesadaiamesldgaqa 20 MHz

o finvaunus1 151Ny Flash Memory 4419 8 K word ( 14 — bit words)

o fimiconnusieyauun RAM 368 Bytes

o Hmirwarwsrdieyaiii EEPROM 256 Byte

o fmIneuTUBIBUINE I aNLA 14 Mas

o aunsaidonszaumsflesfudoya ( Code Protection ) 14

e iiTnuatseniinndeeiu (Steep Mode)
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annsa@enunasdyanin lduatnInue XT RC uazepadiamoindaam
#
fifansums Snadosmwnisviian 14hs POR , PWRT, OST, BOR tag WDT
113 15UnsUAIFALUY ICSP (ICSP : In-Circuit Serial Programming )
annsevnuiinidsnsnsdud 20 Ve ss v
YIMSN 10 usasy1 annsoiutazildesnseua ldqega 25 ma
1w Timer / Counter 1aanua 3 1 Timer 0 , Timer 1, uas Timer 2
111§ CCP (CCP : Compare / Capture / PWM ) $11471 2 4A
1148 Analog to Digital Converter A71Z1D0A Y114 8 1M uaz 10 0 $1u7u 8
¥0In I NAITN
ﬁinﬁ]ﬂﬁlﬂﬂ‘li DUATULUY  USART (USART : Universal Synchronous
Asynchronous Receiver / Transmitler)
Twein /0§12 5 woin 14ud wesn A, B, C, D, uag E i1 10 520U 33
1 fefide

® PORTA 1 5 91 RAO DA RAS

® PORTB i 8 41 RB0 014 RB7

® PORTC 5 8 41 RCO 64 RC7

® PORTD i) 8 41 RDO 014 RD7

® PORTE 11 3 91 REO 14 RE2
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PDIP

\_/ 49 []+—= RBIPGD
39 [] =— RB6/IPGC
36 [ ] «+—= RBS
37 []+—> RB4
36 | ] =— RBIPGM
35[] «—s RB2
3 [J=— rAY
33 [J «—» RBOINT
3z ;l - VDD
31 ] +—vss
[1 +—= RD7/PSPT
29 [ ] «—= RDGIPSPE
28 [] +—» RDSPSP5
27 [] =—= RD4/PSPA
26 [ ] 4 RCTRXUDT
25 [] -+—» RCHTXICK
24 [} +—+ RCSSDO
RCHUSCK/SCL =] 23 [] -— RC4/SDISDA
RDOPSPD =-—w [] 22 ] «—s ROMPSP3
RD1/PSP1 w—-[] 20 21 [] «=—= RDZIP5P2

MCLRNVPP —= (]
RAD/AND —a- ]
RAVANY 4—s[]

RA2/AN2IVREF- +—a ]
RAJANNVREF+ -—»[]
RAATOCK! a—s ]
RAS/ANGISS —= [
RED/RDVANS ~—» [
REFWTUANG +—» [
RE2CSIANT =[]
Voo — » []

¥ss o []

OSCUCLKIN —— []
OSCHCLKOUT 4]
RCWTIOSOITICK! -]
RCUTIOSICCP2 w— []
RCACCP1 4—p-]

LT - L T N N NP

-
o

PIC16F877/874
8

3

71l 2.28 Fmiav1 (PIN Diagram) v/ 269

I d 5 1 ]
VI 1D PIC 1Wes 168877 Hozilnavua 40 v1 1sznanldaeuniivmdhi
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1 al o o L] d =
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Program Data
Device FLasy | DaaMemory i peppom
PIC 1BFB73 4K 192 Byles 128 Byles
PIC 16FB76 8K 368 Byles 256 Byles
3 Data Bus A PORTA
] Progiam Courte] > ’ ;
FLASH !L B
Piogram 2
M RAM —
smoty 8 Level Stack Fie )
{13 bit} Registers L
Program
Bus u RAM Addr!) B PORTH
Instruclion teg :
|| DiectAddr 7 &
4 o
8
=
|4
P owet-up -4
Timear 4
i Osdialon »
IDecnslmoduelo; k2= | Saf-up Times 4
Contrad Power-on 3
Reser 1
n
Tinun Walchdeg
Ekc‘:";‘ Generation K= Timar
OSC1/CLKIN Brown-oul
OSC2CLKOUT Resel
In- Cirguil
Dabugger
Low Vol
Prognm;?n'h
MCLR  Vno, Vss
Times0 Timert Tmes2 +0-bil AD

v

Y

Y

Dala EEPROM

CCPt1.2

Synchionous
Seral Poil

Hote 1: Highar evder biis ame from the STATUS regisler.

RAQANDG
RAVAN1
RAZIANZVRALS -
RANANIVRLY 4
RALTOCKI
RASANATSS

RRQANT
RB1

RB2
RBYPGM
RB4

R8BS
RB&PGC
RBIPGD

RCOT1OSOTICKI
RC1/T1QOSUCCP2
RC2/ICCPY
RCISCKIECL
RC4r50USDA
RC5/300
RCB/TRCK
RCTMXDY
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317 2.29 anlasnssufidlulassadreveslyInsneuInsamed PICI6F877



H P 9 ] o
A3 2.1 Jwasdsauazdurusnved luInsneuInsames

PIC16F874 / PIC16F877
DIP | PLCC | QFPF | FOP Buffer
Pin Hame ping | plng Ping | Type Type Description
OSCI/CLKIN 13 14 30 i | sTremos™ | oscillator erystalinputfextamal clock source inpul.
OSCHCLKQUT 14 15 H 4] - Qscillator cryslal output. Connects to crysial or resonalor
in erysial oscillalor mode. In RC mode, OSC2 pin oulpuls
CLKQUT which has 1/4 the lrequency of OSC1, and
denoles the instruction cycle rale.
MCLRA PP 1 2 18 1P 5T Masler Clear [Resel) inpul or programiming vollage inpat.
This pin is an aclive low RESET lo the device.
PORTA is a bi-directional VO port.
RAD/AND 2 3 19 [114] TTL RAD can also be analog inputd.
RAJIAN1 3 q 20 1o TTL RA1 can also be analog inpull.
RAIAN2IVREF- 4 5 21 el TTL RA2 can also be analog inpui2 or negalive
analog relerence voliage.
RAVANIVREF+ 5 [ 22 o TTL RA3J can also be analog inpul3 or posilive
analog referenca voltage,
RA4{TOCKI 6 7 23 fle} 5T RAJ can also be the clock inpul 1o the TimerD limers
counter. Outpul is open drain type,
RAE/SSTANY 7 8 24 o TTL RAS can also ba analeg inputd of the slave select for
the synchronous senal port.
PORTB m a bi-directonal VO ped. PORTB ¢an be sofl.
ware programnied for inlernal weak pull-up on all inputs.
RBOANT 33 36 8 o TTLSTIY RBD can also be Lhe exlemal interrupt pin.
RB1 3 37 9 o TTL
RB2 35 B 10 o TTL
REXPGM 36 39 11 [lie] TTL RB3 can also be the low voltage programming inpul.
RB4 a7 41 t4 l{s] TIL Interrupt-on-change pin.
RB5 38 42 15 o] T Intermupt-on-change pin.
RB&/PGC a9 43 16 o | TTLSTY Interrupl-ei-change pin or In-Circuit Debugger pin.
Serial programming clock.
RBYPGD 40 44 17 [{[e] TTLSTIR interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming data.
Legend: | =inpul O = oulpul O = inputioulput P =power
— = Nol used TTL =TTL input ST = Schmitl Trigger inptd

Hote 1: This buffer is a Schmitt Trigger inpud when configured as an exiarnal intermupt.
2: This buffer is 3 Schmitl Trigger input when used in Saral Programming mode.
3: This bulfer 15 2 Schmill Trigger input when configwed as general purpose IO and a TTL input when used in the Paraliel
Slave Porl mode (for interfacing lo a microprocessor bus).
4; This buffer s a Schmitl Trigger inpul when configured in RC oscillalor moade and a CMOS input otherwise

33
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PIC16F874 / PIC16F877
DIP | PLCC | QFP | HfOIP Buffer
Pin Hame Pin# | Ping PIn& | Type Type Descripllon
PORTC is a bi-direclional O por.

RCO/TTIOSOTICKI | 15 16 32 o ST RCO can also be the Timer1{ oscillater culput or a
Timer | clock input.

RCUTIOSKCCP2 1] 18 35 o] 8T RC1 ¢an also be the Timer1 osciflator input or
Capture? inpuliCompare2 output/PWH2 oulpul.

RCZ/CCP1 17 19 36 [1{0] ST RC2 can also be the Caplure) input/Comparel
oulput/PWM1 oufpul.

RCHSCK/SCL 18 20 37 o ST RC3 can also be the synchronous serial clock input/
outpul for bolh SPI and i°C modes.

RCA/SDNSDA 23 25 42 [f1e] 3T RC4 can also be the SPI Data In (SPI mode) or
dala /O {°C made).

RC5/SDO 2 26 43 I ST RC5 can also be the SPI Data Qut (SPI modse).

RCETXICK 25 27 44 e ST RCB can alsa be the USART Asynchironous Transmit
of Synchronous Cleck

RCHRXIDT 26 29 1 o ST RC7 can alsa be the USART Asynchronous Receive
or Synchrenous Data.

PORTO is a bi-diectional 110 parl of parallel slave port
when miteracng ko A nuctoprocesssr bus

RUGIPSED 19 21 k) e | sin®
A/D /PSP 20 2 3% HO STATLIY
RDUPSP2 21 27 40 o | sTaATL™
RD3/PSP3 22 24 11 o | STATLY
RD2PSPA 27 0 2 [19] STATLY
RD5/PSPS 26 kY| 3 110 STTTLIM
RDEIPSFE 20 2 4 1o | sTaTL®
RD7IPSPT 3D 13 5 o STIATLIN
PORTE is a bi-direclional KO port.
REQ:RDIANS ] 9 25 no STTTLM RED can a'so be read coptrol for the parallel slave
potl, o ana'og Inpulb
RE VAVRIANG 9 10 26 R | STATLE RE | canr a's0 be wride conteed fer the parallel slave
povl, of ara'oy inputd.
RE2CS/IANT 10 1 2 1o STATLM REZ2 can a's¢ be szlect control for the paraBel slave
. AW L ko pont o anaeg inpul? o
Veg 1231 134 | 679 P — I'Ground istarence for ‘ogc and 1O pins,
Voo 1321 1235 | 728 P — Pasilrvy supply for logic and 1K) pins
NC — | 147,29 | 1213, — These pins are not intlemnally cornected. These ping
40 R should ba lef unconnected.
Legend: l=input O = oulput WO = inputioutput P = power
— = Not used TTL = TTL inpul 8T = Schivit Tngger inpul

Hole 1: This buer :s @ Schmill Trigger input when configured as an exiemal interrupt.
2; Thiy butler s 3 Schmill Trigges input when used in Serial Programm ng mede
3: This buter -2 a Schmilt Trigget input when configured as general purpose U0 and a TTL inpul when used in the Paralis!
Slave Poil mnda {lar inlerfaong fo a nucropracesso: hus)
4; This buffer :5 a Schmitt Trigget input when configured in RC oscillator mede and a CMOS inpul otherwise.



35

2.7 M UNIU (Resistor)

Q/

- i
WM Resistor) HlugUnsoiidtumsdumums lraveanssua i iiori
o { 4 o a d = o
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w ad T L) o o ) 4 4
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A % ad o E
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or 3 =, 1 4
2.7.1 AN IUSURAIAIN

[ 4 ¥ =

n. Aad e ueiinn 1T REY (Carbon Composition Resistor) A0 1UN MBS AN 02

) ar Ll 1 A o ar é I oy ke

nouldfuadrmnsvarudeiismign Tnseademoluiininiagdalguaudi@ilud,
{ a‘: 1 o g = = ¥

funmu Tasidanisgesdnavzdealadninanuiuazuina I uuenIzRILAIIR U T

suswilunsenszuen

Sols rod of
carbop granules

Inswiating Melal conneclor
case and lead out

: @ = d o . .
g1 2.30 AR TUNIUTUANITUBUHTY (Carbon Composition Resistor)
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o ya o 1 o & -:l o
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3.3 mshlsunsumsmuguaemes Ifhnszuansauy 13 sedm

3.3.1 WRaldsunsiuneniuguuemes

list P =PIC16F877

include "p161877.inc"

__CONFIG CP OFF & WRT ENABLE OFF & HS OSC & WDT_OFF

& PWRTE ON & BODEN ON

; Acceleration/Deceleration Time = RampRate * 256 * 256 * Timer 0 prescale / Fosc

#define
acceleration time

#define
deceleration time

#define

PWM potentiomenter

#tdefine
OffMask
Phasel
Phase2
Phase3
Phase4
Phase5

Phase6

equ
equ
equ
equ
equ
equ

equ

AccelDelay

DecelDelay

ManThresh

D255 ; determines full range
D200 ;  determines full range
0x3f : Manual threshold is the

; reading above which RPM is adjusted automatically

AutoThresh

B'11010101"
B'00110001°
B'00110100'
B'00COO1 £ 1
B'06010011'
B'00011100'
B'00001i01"

0x100-ManThresh

; PWM off kills the high drives
; phase 1 C high, A low

; phase 2 C high, B low

; phase 3 A high, B low

; phase 4 A high, C low

; phase 5 B high, C low

; phase 6 B high, A low



3.3.2 mawuulalsunssus MPLAB sazmsadieldd .HEX

4 d o 1d
1. 11 Project iduiionti Project Wizard Aag1lf 3.10

MPLAB IDE v¥7.50
File Edit View I ﬁdjé&t Debugger  Programmer Tl:pls ¢
’ D & i | | Froject Wizard..,

j Linkithal)

Close ¥ Fontiol
Set Active Project »

i 310 Suadildsdn

[

" Project Weeard

Welcomel

This wizaed helps you create and configure a new MPLAD
ploject

11l 3.11 adhalilsdn
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o 1 »
2. famistdon wos PIC Aiez ¥ intiunin Next

Project Wizard

QFICT1EF277

(L <Bock J(Not> ] [ Conca | [ hab ] |

=== - —

41t 3.12 1Bened pic

° d )/ \ < .
3. AIMUA ATHINTOI Active Toolsuite 11AAADNN MPASM Assembler (mpasmwin,

exe) v5.43

r s
Project Wizard 4888

Step Two:
Select a lanquage toolndta

Active Tookule: | Miciochip MPASM Tooksule
Toolsule Contents

MEASA & sembler [mpas e egz] W5 43
MPLINK Object Linker [mplink_exe) v4.41
MPUE Librarian (mpb. exe) v4_41

Location
C:A\Program Fles\Mictochip\MPASM Sute\MPASMWIN. exs
[_| Stoxs tool locations in project

Helpl My Sute st Lised | 7 Show al installed toolsutes

I(Badc “ M)]ICaned‘Il

4 d
711 3.3 Amuan sl llsunsy
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»
o

! g 1
4. Ao Tils®n uazifoniiog Tlsidn

- Project Wizard -
Create & new project, or recorfigure the active project ? v IE
iy

@ Crealo New Project Fils

Recantiguze Active Project

Make charmes without saving
Sava changes lo existing project lils
Save changes 1o another project (e

‘ S Browse.

i & 4 d
q1fi 3.14 Adelidauazideniieg Tt uiin

5. 100 1W8 16F877_glir 110 W a1A0d Cy/Programfile/Microchip/MPASM Suite/LKR
€ 11)519n

Step Four:
Add existing files 10 your project

B LED Binking apphy to PWM pd'

Ty MOSFET B np channelpd Addy>
B) MPLAB.1a
B PIC16FE77 microchip.pdf

3 Pittman cisveds

) Potentometor.pdf Il
8] RESISTOR.pdf

zergblde. aim
B Snapshot_20120502.JPG
1B Snapshot 20120502 _1.JFG
iT) snaless sam

Bt TCA4E7 pdf v _

« || ] « m- '

[ <Bock J(_Met> ][ Concsl | [ oo |

qtifi 3.15 e lradh lalsida
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iPrOjectWiu_rd il s u

Summary '

Cick Frish' to ciaate/configuie the project with these
paramelers.

Project Parametess
Device:  PICYGFE?T
Toolsue:  Microchip MPASM Tooksuite

File C:\Users\Zai-\Deskiop\Project (Constant
torque DC Hotor \Program and Cicut
Project\My project mep

A new workspace wil ba cieated, and the rew proeect added
to that workspace.

[ Bk I Foen ] [ Cowsl | [ Hob |

] ¥
Ui 3.16 wdedumaadielilsidn

6. sudwdoullsunsuardruenms uaziou Tusunsy amdidu dagli 3.7 uaz

31¥ 3.18 amudhay

,
Examplel - MPLAB [DE v7.50
| Fle Edit View Project Debugger Programmer Tools |
Chei4pd
Release
Add New Fie to Project... ’
Open,... Ctr+O
Pl
Open Workspace...
Save Workspace
Save Workspace As...
Close Workspace

4
790 3.17 ahaenas



Fie E@ View Piject Debugges Progammer Tooks Configure Window Help
R R ey T LYY T i

B |

| = oupa & @ =|
[ B [Varton Corod | FrtinFia]

31 3.18 WouTtsunsy

] o
7. Woulda Thtupsuaslllumbvsves Tbsunsuagi/i 3.18

o B o
g hmswvlidon File udufen save n3o Crl+s udadenaoufozhimeIng

P Sove As ity (X
| Sevein: I Deskiop | -._v.e‘,?i"m'
£ libearies Zai- '
11-%} System Folder & System Folder |E

'y !Compu‘ler ! Network
a / Systen Folder © System Folder !

ATMEL Flip v2.46
1) Bilefolder i . Flefoldes
; ESET NOD32 Antivirus Ver
V| ontolLED vl 422 -
e rame: | ((saee )
Save as type: [hculﬂySa.lmHu('m;'u;'m;'.l) v] l Cancal §I

Jumpte  [C:Wenes\Zai \Dasklop\Project [Canstant toceus DT Motor \Progiam ¢ ~
Encodng  ANSI v
[ Add File To Project

717 3.19 1ridoyn
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- o o < o P
9. Mmaifindd fagilfi 318 ududenlvavindiesd faqilfi 320 oz 3.21
AWAAL

P -MPLABIDEVA3-PLmow
Fie Edt View Projet Debugger Progammer Tools Configure Window Hedp

T TR IE | ooty -l A RWO |

T3 Output =8
Buld | Vereion Connrdl | Find

Tachnc
i suppl
— paively
ny ang
lawa,

T w:ing re
i* subjact the oser to crimlnal sanccions under appld
well as to eivil liebility for the breach of tha t
condicions of this licensa_

Tl Fles | %8 Symock]

TRIS SOFTHARE IS PROVIDED IH AN "AS IS” CONDITION.
FHETHER FXPRESS, IMPLIED OR STATUTORY, INCLUDIKG,
10, IFPLIED WARRAWIIES OF MERCHAMTABILITY AND FITP

et

31 3.20 i’ lg

lockin: 4 Prosct Comtytiomue (C M) = @ 7 (% i
Name ’ Dot modihed Type e
!, Exmmypla Circult SANNNL Z10PM  Fia Folder
. MPLAR SANNIZ XS P Flafskder
J PICIR 2 V2302 Setup A 71262 PM  Flatolde
L 59202 121 AM  Flefolde
W . Program and Cacut Project MIVENIFBPM  Fiefolder
"t W 10/19/2011 20T PM Fle fokier
RS R IV L2 P Fiefkdar
| - emdata 10/DL11029P  Felokder
N sebid ITNO2ESIAM  ASM File 9B
Bl oo VIW/Z0I1L0 A _ ASM Fla ____ 2w
Type ASMFite
Sac 6.5 KB
Dite moddied: 5713/ 2002 11:3p &80
[ - =1
+| Fisn o type: Ln-u,&umhr-l) "I Gt ,
hrol [C\ogm Moo P L v
T Reeumctow thix raing
1@ Sk Lot MPLAB D puess
; ' Uner: Fie(s] yencs grwated sepwoialy ko thia g, s selative pois
-+ Syetom Fir{e) 9 salenid w project_ ew abuokuts path

4 < a
17 3.21 @enandeanminiin
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10. iedon amuiuud mnsaound i Project iAonf Make w3onn F10

"I ) - MPLAB 1DE vB.83
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Project Wirsrd... I LI Y IEY
New— —_—— £S
(= @] = |

Open... e ———
Close
Set Active Project
Quickbuild {no .aim file)
Packagein zip G
ae‘n AddassdIdAbbsbandbadand Ay ddd
Export Makefile
Build Al cri+F10
Make A0  luith by Hicrachip Technolegy
Build Configuration ~) im intended and =supplied *

. _ & splely and exclusively cn |
Bulldoplwflh-- avned by the Ccopany andfor .

) licable ccpyright laws. A1l
Save Project cion of the foregolng raseri.
SanPruijL_ al sancgiens under applicabls
P for the breach of the terms

Add Fles to Project..
Add New File to Project...

; IN AH "AS IS” CORDITION. KD 1
Removy File From Project ¥ }a sraruToav, 1NCLUDEKG, BUT I
FEPCAANTABILITY AKD FITNESS °
Select Language Toolsuile...

Set Langusge Tool Locations...

a
i 3.22 new'lud

12 A
11, winTldsuasulsifianaia ilanen Iwdud 1921907210 BUILD SUCCEDED #iaq

Pl amnsaih IWdniuwage HEX WIFE

"IN P - MPLAB IDE v&.83
Fle Edt View Project Debugger Programmer Yool Configure Window Help

o || (omts ot o8 2 W
e e

Bukd | Version Contral [ Fired in Fios|

Loaded C\Users\Zal\Deaslktop\Froject (Constant torque DC ¢

Debug build of project "CA\Users\ZeH\Dasktop\Project {Const
Language tool versions: MPASMWIN.axe vb.4), mplink.exe v
Preprotessor symbol *__DEBUG' is defined.

Sun May 13 15;32:28 2012

BUILD SUCCEEDED

b asviesvassansase

ich by Hicrochi
| i= intended a
solaly and exc
E{| }ned by tha Con
icabla copyrigh
Hon of the fore
[l sanctiens und
for tha breach

-

» H AR "AS ES™ CO

- - STATUTORY, IKC

TO, IAPLIED WAHMANTIES OF PERCHAMTABILITY

g1t 323 afro'lnd HEX




3.3.3 madsunanivd .HEX sdlulnsneuinsained

»
o & a o
1. Idaundiandni lonou

PIC!:iy

11l# 3.24 Tonewu Picki2 v2.40

) oL
vedlsinguiidslnsituen

Devioa; Ho Device Found Configurafiore. 0000
UseelDe  FFFFFFFF
Chacksum  FOMD

lPICidl 2 found and conneded.

AS\ MicracHie

{ —) VDDRCka2
O or @_AF
v vn [Eew }(emkoek ) Oaan (892
Progeam Memory
i BN SO Sowce: | None Emplp/Ersted)
fin e SE LY L EN Ay
1 I ik Wl y My N N LR
sl avli pid F i SIET
HIRE HrE G Ry .
e ikt P Y i
i ™ iril SFrd It
o At o T il
i At oo sl ep-=] sitr N i
) At il L N N AU
o S il AP iHl el T sET
e | G AP ilig e ol it FLE
s oy b A il RS
EEPROM Data
E T R

Piﬁkit; 2

d
1% 3.25 wilwhaisnvesTilsunsy Pickit 2
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9101 Tools 11BN Check Communication

[ Joghs |

L LAl

E Vivahle Ul Dol L

4 Target YOD Source
‘i Calibrate VDD & Set Unit ID...
Use VPP First Program Entry

Fast Programming

cidar

UART Tool.
Logic Toal...

Check Communication

Troubleshoot. ..

Download PICKE 2 Operating System

]ﬂﬁ 3.26 Mien 1% Tools Check Communication
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A 1 QF o]
Isunan pickin sefmisasvaeuginsaive 14 Tavda Tudaniodeamassy

device

- fomusuddesnis Tulsinsy PICI6F877

- 91Ny Device Family 1¥iden Device Midrange

Midrange

Er——

]

PIC18F

4 PICIBF_}_

PICI8F K_

3 PIC24
§ dsPIC33

&PIC30
dsPIC30 SMPS
KEELOQ® HCS
EEPROMS

»

31 3.27 Wy Device Midrange
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o o 4
3481 HEX W4 (IWafidmntsnonIwduda) vinwy Fite 18on mport Hex ndadion

Hex Iafidesnts Tlsunsy

Import Hex Cul!
Export Hex CtrdE
Ext arlQ

31 3.28 iy File

’ | Name ’ | Dme modified Type
<> Lt My Project SAMN2 LM HEX e
Recent Places
H Deskdop
i
= 1
Libraries
d 3
Computes
@ i 2] ! »
A4 gy .
— :
Feedtps:  [Hex Flos Char) v Cancel

11lf1 3.29 1den’d HEX

ar a da A )
waannidon la HEX uds Waanfislu white  flovinis Talsunsa'lWd HEX

asuu luInsneuinsamed
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© PICKil 2 Programmer

Mikange Confiuaaton
Device: PICI6F877 Configueafiorr 3051
UweIDx  FFFFFFFF

Chockemumr  33A9 R
Reading device:
Program Memory... EE... UserlDs... Config... Done, @ MICRDCHIP

(T O OO O T LT T D) VDD PICk: 2

o 0 =
[[Road | [(wite ][ vady | [ Eeate | [ ik crock ] Br:u.n 503
Program Wemory
[¥] Ensbled (HexOnly v | Source: ;Readhom FICISFEZ0

0aQ 3000 O0BA 2819 0000 3g22 0084 (0800 1903 A
008 2816 3001 oors o1r? DBF7 280C oprs 2808 —
plo 304A cor (BFy 28lz 0000 0000 cB3D 2809
LUE] 3400 0184 30LF 0583 3007 009F 30M 0055
020 1663 L1005 1283 1405 3002 00Al 30FA  00Az
028 2004  obAl 2826 1683 1005 1283 1005 3oz
0ap 0aRl 30FA  00A2 2004  0BAL 2831 20820 0063
LEL IFFF  3FrF aFFr SFFr amT arFr 3FFFT arer
040 IrFrr  JIrer IrFY  3FFT 3YFF 3FFT 3TET arrr
48 3FFF  JFFF  IFFT AFFT 3ITT 3FFT 3FIY arrr
050 AFFT  JFFT 3FTF 3TFF AFFT 3FFT ATFT OFNT
058 IFFF JITY 3FFT IFFF  3AFFT  JFFF 3FFF IFFF v

EEPROM Data i
[ Enatdod  [HexOnly ! + Wiils Devioa

00 FF FT YFFEFT IF FF FE AT IF IT IT IT FF IT IF A~ Inmnmol
10 FFFFFFFF YF FT FF YT FF YT IF FF IF FF FE PF ° Evport Hex Flo

20 YF YT YT XY YF YE YT FT FY Y YT YT YF YT PP NT -
wogrrmrrrnrrarrweney PICKt 2

717 330 msTsunsuind HEX

andannnatlu Write Tilsunsuszihinizay (Brase) naz Tilsunsy'IWd HEX aaum

TulnineuInsamed ¥ lauda Tusid

i 331 nu Tlsunmnafomuysel

ndannTsunsuTWd BEX a9y TasnouInsamoiuda ndnnaaings saud)

TilsunsufezEuhauriuf
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MAHUIN (N)

Tf’{ﬂiﬂ‘illﬂiu Sensorless Brushless DC Motor

list P =PIC16F877
include "p16f877.inc"

_ CONFIG _CP_OFF & WRT ENABLE OFF & HS OSC & WDT OFF &
_PWRTE ON & BODEN_ON

; Acceleration/Deceleration Time = RampRate * 256 * 256 * Timer O prescale / Fosc

#define AccelDelay D255 ; determines full range acceleration time
fdefine DecelDelay D'200' ; determines full range deceleration time
#define ManThresh 0x3f ; Manual threshold is the PWM

potentiomenter
; reading above which RPM is adjusted
automatically
#define AutoThresh 0x100-ManThresh
OffMask equ B'11010101" ; PWM off kills the high drives
Phasel equ B'00110001’ ; phase 1 C high, A low
Phase2 equ B'00110100" =~ ; phase 2 C high, B low
Phase3 equ B'00000111" ; phase 3 A high, B fow
Phased equ B'00010011"  ; phase 4 A high, C low
Phase5 equ B'00011100 ; phase 5 B high, C low
Phase6 equ B'00001101'  ; phase 6 B high, A low
#define CARRY STATUS,C
#ldefine ZERO STATUS,Z

#define subwl  sublw

¥ Define 1/O Ports
#define ReadIndicator PORTB,0 ; diagnostic scope trigger for BEMF readings
Hdefine DrivePort PORTC ; motor drive and lock status

¥ Define RAM variables

CBLOCK 0x20



N

STATE
PWMThresh
Phaselndx
Drive
RPMIndex
ADCRFM
ADCOffset
PresetHi
PresetLo
Flags
Vsupply
DeltaV1
DeltaV2
CCPSaveH
CCPSavel.
CCPTZH
CCPT2L
RampTimer
xCount
Status
ENDC

Define Flags

#define DriveOnFlag

fidefine AutoRPM

3

#define FullOnFlag

#define TmrQOvl

#define Tmr0Syne

3

#define BEMF1Low

#define BEMF2Low

; Machine state

72

; PWM threshold

; Current motor phase index

; Motor drive word

; RPM Index workspace

; ADC RPM value

; Delta offset to ADC PWM threshold

; speed control timer compare MS byte

; speed control timer compare LS byte

; general purpose flags

; Supply voltage ADC reading

; Difference between expected and actual BEMF at T/4

; Difference between expected and actual BEMF at T/2

; Storage for phase time when finding DeltaV

; Storage for phase time when finding DeltaV

; Workspace for determining T/2 and T/4

; Workspace for determining T/2 and T/4

; Timer O post scaler for accel/decel ramp rate

; general purpose counter workspace

; relative speed indicator status

Flags,0

Flags,1
Flags,3
Flags,4

Flags,5
Flags,6
Flags,7
DeltaV1,7

DeltaVv2,7

; Flag for invoking drive disable mask when clear
; RPM timer is adjusted automatically

; Undefined

; PWM threshold is set to maximum drive
; Timer ¢ overflow flag

; Second Timer 0 overflow flag

; undefined

; BEMFI is low if DeltaV1 is negative

; BEMF2 is low if DeltaV2 is negative

« 3 e e s ook o ook o o o o ol o ok ok ol kol kol ok ok ok sk ook ke kol kb ok folokok oakokok ok ok R ook dokok ok beokokok kol ok R ok ok
)
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¥ Define State machine states and index numbers
sRPMSetup equ D'¢' ; Wait for Phasel, Set ADC GO, RA1->ADC
sRPMRead equ sRPMSetup+1 ; Wait for ADC nDONE, Read ADC->RPM
sOffsetSetup  equ sRPMRead+1 ; Wait for Phase2, Set ADC GO, RA3->ADC
sOffsetRead  equ sOffsetSetup+1 ; Wait for ADC nDONE, Read ADC->ADCOffset
sVSetup equ sOffsetRead+1 ; Wait for Phased, Drive On, wait 9 uScc, Set ADC GO
sVIdle equ sVSetup+1 ; Wait for Drive On, wait Tacq, set ADC GO
sVRead equ sVIdle+1 : Wait for ADC nDONE, Read ADC->Vsupply
sBEMFSetup equ sVRead+1 ; Wait for Phase$5, set Timer] compare to half phase
time
sBEMFIdle equ sBEMFSetup+1 ; Wait for Timer! compare, Force Drive on and wait 9
uScc,

; Set ADC GO, RAO->ADC
sBEMFRead  cqu sBEMFlIdle+1 ; Wait for ADC nDONE, Read ADC->Vbemf
sBEMF2Idle equ sBEMFRead+1 ; Wait for Timerl compare, Force Drive on and wait 9
uSec,

; Set ADC GO, RAO->ADC
sBEMF2Read equ sBEMF2Idle+]1 ; Wail for ADC nDONE, Read ADC->Vbemf

¥ The ADC input is changed depending on the STATE

* Each STATE assumes a previous input seleclion and changes the selection

* by XORing the control register with the appropriate ADC input change mask

¥ defined here:

ADCUtol equ B'C0001000 ; changes ADCONO<S5:3> from 000 to 001
ADCl1to3 equ B'00010000"  ; changes ADCON0<5:3> from 001 to 011
ADC3to0 equ B'00011000"  ; changes ADCONO<5:3> from 01! to 000

;#******#*#********i********* PROGRAM STARTS HERE

org 0x000

nop

goto Initialize

org 0x004

bsf Tmr0Ovf ; Timer 0 overflow flag used by accel/decel timer
bsf Tmr0Sync ; Timer 0 overflow flag used to synchronize code execution
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bef  INTCON,TOIF

retﬁe s
Initialize
clef PORTC : all drivers off
clef PORTB
banksel TRISA
; setup I/O
clref TRISC ; motor drivers on PORTC

movlw B'00001011" ; A/D on RAO (PWM), RA1 (Speed) and RA3 (BEMF)
movwf TRISA )
movlw B'i111111¢" s RBO is locked indicator
movwf{ TRISB
; setup Timer0
movlw B'11010000' ; TimerQ: Fosc, 1:2
movwf OPTION REG
bsf INTCON,TOIE ; enable timer { intertupts
; Setup ADC
movlw B'00G00100' ; ADC left justified, ANQ, AN1
movwl ADCONI
banksel PORTA
movlw B'10000001' ; ADC clk = Fosc/32, ANO, ADC on
movwf ADCONO
; setup Timer |
movlw B'00100001" ; 1:4 prescale, internal clock, timer on
movwi TICON

; setup Timer 1 compare

movlw OxFF ; set compare to maximum count

movwf CCPRIL ; LS compare register

movwf CCFRIH ; MS compare register

movlw B'00001011’ ; Timer 1 compare mode, special event - clears timerl

movwfl CCPICON

; initialize RAM



clrf

movlw
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PWMThresh

D'6'

movwl Phaselndx

clrf
clrf
clef
bef
bsf
MainLoop

3

Flags

Stats ;

STATE ; Loopldle->STATE

INTCON,TOIF ; ensure timer 0 overflow flag is cleared

INTCON,GIE ; enable interrupts

PWM, Commutation, State machine loop

btfsc  PIR1,CCPIIF ; time for phase change?
call Commutate ; yes - change motor drive
PWM
bsf DriveOnFlag  ; pre-sct flag
btfsc  FullOnFlag ; is PWM level at maximum?
goto  PWMO2 ; yes - only commutation is necessary
movf PWMThresh,w ; get PWM threshold
addwf TMRO,w ; compare to timer 0
btfss ~ CARRY ; drive is on if carry is set
bef DriveOnFlag  ; timer has not reached threshold, disable drive
call DriveMotor ; output drive word
PWMO02
call LockTest
call StateMachine ; service state machine
goto  MainLoop ; repeat loop
StateMachine
movlw SMTableEnd-SMTable-1; STATE table must have 2*n entries
andwf STATE[f ; limit STATE index to state table
movlw high SMTable ; get high byte of table address
movwf PCLATH ; prepare for computed goto
movlw low SMTable ; get low byte of table address
addwf STATE,w ; add STATE index to table root



btfsc CARRY
incf PCLATH,(f
movwf PCL
SMTable
divisible by 2
goto  RPMSetup
overflow
goto  RPMRead
goto  OffsetSetup
goto  OffsetRead
goto  VSetup
goto  Vidle
goto  VRead
goto  BEMFSetp
goto  BEMFIdle

Tacq, RAO->ADC

goto

goto

BEMFRead
BEMFz2Idle

Tacq, RAQO->ADC

goto

BEMF2Read
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; test for page change in table
; page change adjust
; jump into tabie

; number of STATE table entries MUST be evenly

; Wait for Phasel, Set ADC GO, RA1->ADC, clear timerQ

; Wait for ADC nDONE, Read ADC->RPM
; Wait for Phase2, Set ADC GO, RA3->ADC
; Wait for ADC nDONE, Read ADC->ADCOffset
; Wait for Phased
; Wait for Drive On, wait Tacq, set ADC GO
; Wait for ADC nDONE, Read ADC->Vsupply
; Wait for Phase5, set Timerl compare to half phase time

; When Timerl compares force Drive on, Set ADC GO after

; Wait for ADC nDONE, Read ADC->Vbemf

; When Timerl compares force Drive on, Set ADC GO after

: Wait for ADC nDONE, Read ADC->Vbemf

; fill out table with InvalidStates to make number of table entries evenly divisible by 2

goto
goto
goto
goto
SMTableEnd
RPMSetup

overflow

InvalidState
InvalidState
InvalidState

InvalidState

movlw Phasel

xorwf Drive,w

btfss

return

ZERO

; invalid state - reset state machine
; invalid state - reset slate machine
; invalid state - reset state machine

; invalid state - reset state machine

; Wait for Phasel, Set ADC GO, RA1->ADC, clear timer(

; compare Phasel word...
; ...with current drive word
; ZERO if equal

; not Phasel - remain in current STATE



bsf
movlw
xorwf
incf
bef

refum

RPMRead
bifsc
refurn

movf

ADCONO0,GO
ADCOtol
ADCONO,f
STATE,f
Tmr0Sync

ADCONO,GO

ADRESH,w

movwf ADCRPM

incf

return

OffsetSetup
movlw
xorwf
btfss
return
bsf
moviw
xorwf
incf
return

OffsetRead
bifsc
return
movf

xorlw

STATE,f

Phase2
Drive,w

ZERO

ADCONO0,GO
ADClto3
ADCONO,f
STATE,f

ADCONO0,GO

ADRESH,w

H'80'

movwl ADCOffset

; start ADC

; prepare to change ADC input
; change from ANO to ANI1

; next STATE
; clear timer0 overflow

; back to Main Loop

: Wait for ADC nDONE, Read ADC->RPM
; is ADC conversion finished?
: no - remain in current STATE
; get ADC result

; save in RPM

;next STATE

; back to Main Loop

; Wait for Phase2, Set ADC GO, RA3->ADC
; compare Phase2 word...
; ...with current drive word
s ZERO if equal
. not Phase2 - remain in current STATE
; start ADC
; prepare to change ADC input
; change from AN to AN3
s next STATE
; back to Main Loop
: Wait for ADC nDONE, Read ADC->ADCOfTset
; is ADC conversion finished?
; ho - remain in current STATE
; get ADC result
; complement MSB for +/- offset

: save in offset
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addwf
btfss
goto
btfss
andlw

gofo

OverflowTest
bifsc
movlw

Threshold

movwf

btisc
goto
bef
sublw
bifss
bsf
incf
return
DriveOff
cirf
moviw
andwf
clrf
return
VSetup
movlw
xorwf
btfss
return

call

ADCRPM,w
ADCOffset,7
OverflowTest
CARRY
H'00'
Threshold

CARRY
H'fT

PWMThresh
ZERO
DriveOff
FullOnFlag
0xFD
CARRY
FuliOnFlag
STATE,f

Status
B'11000111'
ADCONO,f
STATE

Phasc4
Drive,w

ZERO

SetTimer
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; add offset to PWM result
; is offset a negative number?
; no - test for overflow

; underflow?

; yes - force minimum

; overflow?

; yes - force maximum

; PWM threshold is RPM result plus offset
; is drive off?
; yes - skip voltage measurements
; pre-clear flag in preparation of compare
; full on threshold

: CY =0 if PWMThresh > FullOn
; set full on flag

; next STATE

; back to Main Loop

; clear speed indicators
; reset ADC input to ANG

; reset state machine

; Wait for Phase4

; compare Phase4 word..,

; ...with current Phase drive word

; ZERO if equal

. not Phased - remain in current STATE

: set timer value from RPM table



incf STATE,f s next STATE
retum ; back to Main Loop
Vidle : Wait for Drive On, wait Tacq, set ADC GO
btfss  DriveOnFlag ;is Drive active?
return ; no - remain in current STATE
bsf ReadlIndicator ; Diagnostic
call Tacq ; motor Drive is active - wait ADC Tacq time
bsf ADCONO,GO  ; start ADC

bef ReadIndicator ; Diagnostic

incf STATEf :next STATE
return ; back to Main Loop
VRead ; Wait for ADC nDONE, Read ADC->Vsupply

bifsc  ADCONO,GO ;is ADC conversion finished?
return : no - remain in current STATE

movf ADRESH,w ; get ADC result

movwf Vsupply ; save as supply voltage
incf  STATE,f ; next STATE
bef Tmr0Sync ; clear timer 0 overflow
return ; back to Main Loop
BEMFSetup ; Wait for Phase5, set Timerl compare to half phase time
movlw Phase3 ; compare Phase5 word...
xorwf Drive,w ; «..with current drive word
btfss ZERO ; ZERO if equal
return ; not Phase$ - remain in current STATE
btfss  Tmr0OSyne ; synchronize with timer 0
return ;

btfss PWMThresh,7 ;if PWMThresh > 0x80 then ON is longer than OFF

goto  BEMFSI ; OFF is longer and motor is currently off - compute
now

btfss  DriveOnFlag  ; ON is longer - wait for drive cycle to start

return ; not started - wait

BEMFS1



bef CCPICON,0
movf CCPRIH,w
movwf CCPSaveH
movw{ CCPT2H
movlf CCPRIL,w
movwfl CCPSavel
movwf CCPT2L
bef CARRY
rf CCPT2H.f
rf CCPT2L,f
bef CARRY
rrf CCPT2H,w
movwf CCPRIH
rrf CCPT2L,w
movwf CCPRIL

inecf  STATE(f

return

BEMFIdle
Tacq, RAO->ADC

btfss  PIR1,CCPLIF
retum

bsf DriveOnFlag
call DriveMotor
bsf ReadIndicator
call Tacq

bsf ADCON0,GO

bef ReadIndicator

movf CCPT2H,w
addwf CCPRIILT
movf CCPT2L,w

; disable special event on compare
; save current capture compare state
; save copy in workspace
; low byte
; save
; and save copy
; pre-clear carry for rotate
; divide phase time by 2
; pre-clear carry
; divide phase time by another 2

; first BEMF reading at phase T/4

; next STATE
; back to Main Loop
; When Timerl compares force Drive on, Set ADC GO after

; timer compare?

; no - remain in current STATE

; force drive on for BEMF reading
; activate motor drive

; Diagnostic

; wait ADC acqisition time

; start ADC

; Diagnostic

; sctup to capture BEMF at phase 3/4 T

; next compare at phase 3/4 T

b}
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addwf CCPRILf

btfsc
incf
bef
inef
return
BEMFRead
bifsc
return

rrf

CARRY
CCPRIH,f
PIR!,CCP1IF
STATE,f

ADCONO0,GO

Vsupply,w

subwf ADRESH,w

movw{ DeltaVl

incl
retum

BEMF2Idle

STATE,f

Tacg, RAO->ADC

btfss
retum
bsf
call
bsf
call
bsf
bef

PIR1,CCPIIF

DriveOnFlag
DriveMotor
ReadIndicator
Tacq
ADCONO0,GO

ReadIndicator

movlw ADC3to0

xorwf ADCONO,f

: set T/2 Isb
; test for carry into MSb
; perform carry
: clear timer compare interrupt flag
;next STATE
; back to Main Loop
: Wait for ADC nDONE, Read ADC->Vbemf
; is ADC conversion finished?
; no - remain in current STATE
; divide supply voltage by 2
; Vbemf - Vsupply/2
; save ertor vollage
s next STATE
; back to Main Loop
; When Timerl compares force Drive on, Set ADC GO after

; timer compare?
; no - remain in current STATE
; force drive on for BEMF reading
: activate motor drive
; Diagnostic
; wait ADC acqisition time
; start ADC
; Diagnostic
; prepare to change ADC input
; change from AN3 to ANO

; restore Timer! phase time and special event compare mode

movf

CCPSaveH,w

movwf{ CCPRIH

mov{

CCPSavel,w

movwf CCPRIL

bef

PIR1,CCPIIF

; next compare at phase T
;set T 1sb

; clear timer compare interrupt flag
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bsf CCPICON,0 ;enable special event on compare

incf STATE,f ; next STATE
return ; back to Main Loop
BEMF2Read : Wait for ADC nDONE, Read ADC->Vbemf

btisc ADCON0,GO ;is ADC conversion finished?
return ; no - remain in current STATE
rrf Vsupply,w ; divide supply voltage by 2
subwf ADRESH,w ; Vbemf - Vsupply/2

movwf DeltaV2 ; save error voltage
clef STATE ; reset slate machine to beginning
refumn ; back to Main Loop

InvalidState ; trap for invalid STATE index

Tacq

movlw B'11000111" ; reset ADC input to ANO
andwf ADCONO,f :
clef STATE

refurn

Software delay for ADC acquisition time

Delay time = Tosc*(3+3*xCount)

movlw D'14' ; 14 equates to approx 9 uSec delay
movwf{ xCount ;

decfsz xCount,f ;

goto  $-1 ; loop here until time complete

retum

LockTest

T is the commutation phase period. Back EMF is measured on the
floating motor terminal at two times during T to determine

the approximate zero crossing of the BEMF, BEMF low means that
the measured BEMF is below (supply voltage)/2.

If BEMF is low at 1/4 T then accelerate.

If BEMF is high at 1/4 T and low at 3/4 T then speed is OK.

If BEMF is high at 1/4 T and 3/4 T then decelerate.

82



Lock test computation is synchronized to the PWM clock such
; that the computation is performed during the PWM ON or OFF
; time whichever is longer.
; synchronize test with start of timer 0
btfss  TmrQOvl ; has timer 0 wrapped around?
return ; ho - skip lock test
bifss PWMThresh,7 ; if PWMThresh > 0x80 then ON is longer than OFF
goto  LTOS ; OFF is longer and motor is currently off - compute now
bifss DriveOnFlag  ; ON is longer - wait for drive cycle to start
return ; not started - wait
LTO5
bef TmrOOvE ; clear synchronization flag
decfsz RampTimer,f ; RampTimer controls the aceeleration/deceleration rate
return
; use lock results to control RPM only if not manual mode
bsf AutoRPM ; preset flag

movf ADCRPM,w ;compare RPM potentiometer...

addlw  AutoThresh ; ...to the auto contro! threshold
btfss CARRY ; CARRY is set if RPM is > auto threshold
bef AutoRPM ; not in auto range - reset flag

btfss BEMFI1Low ; is first BEMF below Supply/2
goto  LT20 ; no - test second BEMF

LT10

; accelerate if BEMF at 1/4 T is below Supply/2
movlw B'1000000¢ ; indicate lock test results
movwl Status ; status is OR'd with drive word later
movlw AccelDelay ; set the timer for acceleration delay
movwf RampTimer ;
btfss  AutoRPM ; is RPM in auto range?
goto  ManControl ; no - skip RPM adjustment
incfsz RPMIndex,f . increment the RPM table index

return ; return if Index didn't wrap around
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LT20

decf RPMIndex,f

return

btfsc BEMF2Low

goto  ShowLocked

; top limit is OxFF

; BEMF1 was high...
; ... and BEMF?2 is low - show locked

; decelerate if BEMF at 3/4 T is above Supply/2

movlw B'01000000'
movwf Status
moviw DecelDelay

movwf RampTimer

bifss  AutoRPM
goto  ManControl
decfsz RPMiIndex,f
refum

ingf  RPMiIndex,f

refum

ShowLocked

movlw B'11000000'
movw{ Status
movlw DecelDelay
movwf RampTimer
btfsc  AutoRPM

return

ManControl

movf ADCRPM,w
movwl RPMIndex

retum

Commutate

; indicate lock test resulis
; status is OR'd with drive word later

; set the timer for deceleration delay

; is RPM in auto range?
; no - skip RPM adjustment
; set next lower RPM table index
; return if index didn't wrap around

; bottom limit is 0x01

; indicate lock test results
; status is OR'd with drive word later
; set the timer for deceleration delay
s
; was RPM set automatically?

; yes - we're done

; get RPM potentiometer reading...

; ...and set table index directly

Commutation is triggered by PIR1<CCP1IF> flag.

This flag is set when timerl equals the compare register.
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When BEMF measurement is active the compare time is not
; cleared automatically (special event trigger is off).
;  Ignore the PIR1<CCPI1IF> flag when special trigger is off
because the flag is for BEMF measurment.
If BEMF measurement is not active then decrement phase table
index and get the drive word from the table. Save the
drive word in a global variable and output to mofor drivers.

btfss CCPICON,0 ;is special event on compare enabled?

retum : no - this is a BEMF measurment, let state machine handle this

bef PIR1,CCPIIF ; clear interrupt flag
moviw high OnTable ; set upper program counter bits

movwf PCLATH

decfsz Phaselndx,w ; decrement to next phase
goto  $+2 ; skip reset if not zero
movlw D'6' ; phase counts 6 to 1
movwl Phaselndx ; save the phase index

addlw LOW OnTable
btfsc  CARRY ; test for possible page boundry
incf  PCLATH,f ; page boundry adjust

call GetDrive

movwl Drive ; save motor drive word
DriveMotor
movl Drive,w ; restore motor drive word

btfss  DriveOnFlag ; test drive enable flag

andlw OffMask ; kill high drive if PWM is off
iorwf  Status,w ; show speed indicators
movwf DrivePort ; output to motor drivers
return
GelDrive
movwf PCL ; computed goto

OnTable
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retlw  Phase6

retlw  Phase5

rettlw  Phased

retlw  Phase3

retlw  Phase2

retlw  Phasel
SetTimer
This sets the CCP module compare registers for timer 1,
The motor phase period is the time it takes timer }
to count from 0 to the compare value. The CCP module
is configured to clear timer 1 when the compare occurs.,
Get the timer] compare variable from two lookup tables, one

for the compare high byte and the other for the low byte.

call SetTimerHigh
movwf CCPRIH
cali SetTimerLow
movwf{ CCPRIL
refurn
SetTimerHigh
movlw high T1HighTable
movwf PCLATH
movlw low T1HighTable
addwf RPMindex,w
btfsc  STATUS,C
incf  PCLATH,f
movwfl PCL
SetTimerLow
movlw high T1LowTable
movwf PCLATH
movlw low TlLowTable
addwf RPMIndex,w
btfsce  STATUS,C

; Timerl High byte preset

; Timer] Low byte preset

; lookup preset values
; high bytes first
, add table index
; test for table page crossing

; lookup - result returned in W

; repeal for lower byte
; add table index

; test for table page crossing



inef  PCLATH,f
movwf PCL
#include "BLDCspdd.inc"

end

; lookup - result returned in W
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Infernationa
TSR Rectifier IRF2807
HEXFET® Power MOSFET
+ Advanced Process Technology D
¢ Ultra Low On-Resistance Vboss = 75V
¢ Dynamic dv/dt Raling
e 175°C Operating Temperature Rpson) = 13mMmQ
o Fast Swilching G
+ Fully Avalanche Rated Ip = 82AQ
s
Description

Advanced HE XFET® Power MOSFETs from International
Redifier ulitize advanced proce ssipngtachniques to achleve
extremely low on-resistance par sillconarea. Thishenafit,
combined with the fast switching speed and ruggedized
device design that HEXFET power MOSFETs are well
known for, provides lhe deslgnerwith an extremely efficient
and rellable device foruse in awidevariety of applications,

The TO-220 package is universally preferred for all
commergial-industrial applications at power dissipation
levals to approximately 50 watts. The low Lhermat

resislance and low package cost of the TO-220 contribute TO-220AB
to its wide acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units
Ip @ T = 25°C Conlinvous Drain Current, Vg @ 10V 829
I @ Te = 100°C}  Continuous Draln Current, Vgs @ 10V 68 A
Iowa Pulisad Draln Current O 280
Po@T: = 25°C Power Dissipation 230 W
Linear Deraling Faclor 1.5 Wi
Vas Gale-to-Source Vollage t 20 \'4
ban Avalanche Cument(D 43 A
Ean Repetitive Avalanche EnergyD 23 mJ
dvkdl Peak Diode Recovery dvidt @ 6.9 Vins
T Operating Junctlen and -55 lo + 175
Ts1g Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1,6mm from case }
Mounling lorque, 6-32 or M3 srew 10 bhin (1. 1Nwm)
Thermal Resistance
Parameter Typ. Max. Units
Raxc Junction-to-Case —_— 0.65
Rycs Case-lo-Sink, Flal Greased Suiface 0.60 — ‘CAWNV
Roua Jundion-{o-Ambient —_— 62




IRF2807

International
TR Reclifier

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Paramelor Min. | Typ. | Max. | Units Conditlons
V(BIRIDSE Dran {o-Souice Breakdown Vollage 75 | — | — | V | Vas=0V Ip= 260pA
MVpnpss/aTs| Breakdown Vollage Temp. Coeliicient [ — [0.074| —— | VAC | Reference to 25°C, Ip = 1mA
Rpstn) Stalic Craln-to-Source On-Resistance | — | — | 13 | ma [ Vgs= 10V, Ip =434 @
V5im) Gate Threshold Vollege 20 |-— |40 ] V | Vps=Vgs lp=250pA
s Forward Transconductance 38 [-—— [ — | S | Vos =50V, tp = 4380
. — | — | 25 Vg = 75V, Vgs = OV

loss Dran-lo-Source Leakage Current i p— YT A Vs = 60V, Vg = OV, Ty = 160°C
less Gale-o-Souice Forward Leakage — | — | 100 nA Vs = 20V

Gale-lo-Souice Reverse Leakage — | — | -100 Vas = 20V
Qg Total Gale Charge —= | =— | 180 In= 43A
Qgs Gale-to-Source Charge —= == 29 nC | Vps = 60V
Ot Gate-do-Drain "Miller™) Charga — 11— 55 Vg = 10V, Sea Fig. 6 and 13

 Lgian) Tum-Cn Delay Time — | 13 | — Voo = 38V
iy Rise Time — | 64 | — . Ip=43A
Lytary Turn-Off Dalay Time — | 49 | — Rg =250}
t Fall Time — | 48 [ — Vs = 10V, See Fig. 10 @
Betwsan lead,
Lo Intemal Drain Inductance — | 48 | —- oH ?mm {0.25/n.) °£ \
rom packege
Ls htergig) SR induciance — T5NZ and center of die contact
Cw Input Capacilance —= | 3820 — Vag = DV
Coss Quipul Capadtance —_ | 10 | — Vps = 25V
Cres Rewrse Transler Capacitance — [ 130 | —= | pF | f = 1.0MHz, Sea Fig. 5
Exs Singla Pulse Avalanche Energy @ — f280&1340® | mJ | lag= 604, L= 370uH
Source-Drain Ratings and Characteristics
Paramater Min.| Typ.| Max. | Units Conditlons

[ Conlinuous Scurce Cument MOSFET symbol °

{Body Gioda) 7 TS A | showing the
Isisa Pulsed Source Currant — 1 —| 280 integrat revarse e

{Body Dicge)D p-n junction diods. s
Vsp Diode Forward Vollage -— ] —=] 1.2 V | Ty=25'C, 15 =43A, Vs =0V@
b Reverse Recovery Time —— | 100] 160 | ns | Ty=25°C. 1= 43A
Q Reverse Recovery Charge — | 410]| 810 | nC | diddt = 100A/us @
bn Forward Twn-On Time Inbrineks turn-on tme I negligible (uin-onis dominated by Lg+Ln}

90

Noles:
@ Repelillve rating: pulse widlh limited by
max junclion temperalure, (See fig. 11}
@ Starting T,= 25'C, L = 370pH
Ry = 2541, Iag= 434, Vgg=10V (See Flgure 12}

@ Igp = 43A, difdl < 300AHs, VDDSVﬂI{)DGS.
T)< 175°C

@ Pylse widlh < 400ps; duty cycle < 2%.
&) This is 8 lypical value al device destruction and represants
operation oulside rated limits,
@ This is a calculated value limiled to Ty = 175°C .
@ Calaulaled continuous current based on maximum allowable
junction temperalure. Package limilation current is 757,
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Peak Diode Recovery dv/dt Test Circuit

—+ Circuil Layout Considerations
DUT A1 « Low Stray Induclance
Y @ « Ground Plane
+ Low Leakage Inductance

Current Transformer

¢

> 1§ .
&i o

Y §
Rg :tl_ + dvi\ controlled by Rg jr
+ Igp contrelled by Duly Faclor "D" T. Voo

« D.U.T. - Davica Under Test
Vas

* Reverse Polanly of D.U.T for P-Channel

D Driver Gats Drive
Pericd p=-PW
WPy Pariod

i
[Vog=10v] ***

@|p.uT, 15, Wavatom
Revivee
Racovery | Body Dipde Forwan
Current Curmnl it
14

@|D.uT, vy g Wavetorm 2 Fy
ACOV
o N

Re-Appied |—
Velage Bom() Forward Drop

@ Induder Ctrend

Ripple < 5% [']

*** Vg3 = 5.0V for Logic Level and 3V Drive Davices

Fig 14. For N-channel HEXFET® power MOSFETs
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Package Outline
TO-220AB
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I —
FAIRCHILD

SEMICONDUCTOR®*

Dala Sheot

194, 100V, 0.200 Ohm, P-Chanrnei Power
MOSFETs

These are P-Channel enhancement mode silicon gate power
field effed Uansistors. Thay are advanced powor MOSFETs
designed, 1ested, and guaranieed fo withsland a spectled
level oi ene rgy in 1the breakdown avalanche moda of
oparation. All of lhese powar MOSFETS are designed for
applications such as swilohing regulators, swiching

oonver tors, motor drivars, relay drivers, and drivers for high
power bipolar swiching iransisiors requiring high speed and
low gale drive power. They can be operated diractty from
Integrated clrauits,

Formerly Developmenial Type TA 17621,

Ordering Information

PART HUMBER PACKAGE | BRAND
IRF3540 TO-220A8 |IHF%40
RF1595405M TO-263A8 Inﬂsasm

NOTE Whenorleing, uss he entirepa riruimber. Add b suitfix 9A 1o
oblsin lhe TO-263 AH verienlin the tape and reel, 1.e.. RF 159540SM8A.

1RF9540, RF159540SM

January 2002

Fealures

194, 100V

IDsiony = 02000

Single Fulse Avalanche Energy Raled
S0AIs Power Dissipaion Limied
Nanosecond Switching Speeds
Liear Transter Characlenstics

High inpul Impedance

Relaled Lieralure

- TBI34 "Guldelines kor Soldaring Surlace Mount
Components io PC Boards"

Symbol

Packaging

JEDEC T0-220A8

SOURCE
DRAAH
QATE

DRAN (FLANGE)
S

JEDEC TQ-283AB

. DRAM
(FLANGE}
aaTE

BOUACE



Absolute Maximum Ralings Tc = 25°C, Unless Otherwso Specified

Orein to Source Ydtage Nolo 1)

Dran o Qate Votage (Ras - zom]mnu.i;.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.""'

Contmuaus Oradn Cuvrent .
To=106°C .

Fulsed Dein Cuuml (Nola 3)

Gido lo Seuros Vobage . .

Macmum Power Dlsslpnllon (ngm I)

Lines Derallng Feclor (Figue 1).

smlummmmmymmmow.ﬁ..'..'.'..'.'.'.'.'.'.'..'.'.'.'.'.'.'.'................

Opamting and Siorago Temperatire .
Maximarm Temporatum for Sddering

Loads a10.063in(1.6mm) from Case bri0s.. ... .. .. ..ottt i i
Packago Body for 108, Spo Tachbdef 334 .. .. ....,..
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IRFO540,
RF1595405M
-100
100
-19
-12
-78
120
150
1
680
-55 10 175

UNITS

& £E§E<>>><<

300

260 °c

CAUTION: Rrosses above those isled i "ADsolue Madmum Halirgs™ ritay ciuse pernanerd danuge b $ device Tivis is a siress oy rating and ope alion of the
dovice o ¥ese o aay ot condtions abore those ind cafed i o opiational sections of ihis specikcation i red Mpied.

NOTE:
1. Ty=25°C 10 150°%C.

Electrical Specificalions

Tg = 25°C, Unless Otherwise Spocified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP | MAX | UNITS
Drein bo Sorme Breakdown Vd ingo BVpss | lo = 2500A, Vias = OV (Aguw 10} 100 - v
Qalo le Threshold Yoltage Yasin# |Ves = Vps lp=-250uA 2 -4 v
Zem Galo Vollage Bain Curment lpss Vps = Raled BVpgg. Vgg = OV 25 A
Vpg = 0.8x Rated BY g, Ygs = OV, Tg = 126°C 250 A
Om Slate Draln Cunent (Nole 2) loroty | Vs > Injon) * 'osion max: Vas = 10V -19 - A
Ga o 1o Source Leakage Curmeni lgsg Vas = $20V 100 nA
Cral to Source On Resislance (Nola 2) TS{ON) Ip = 10A, Vgg = -10V {Figures B, 8) 0150 | 0.200 1)
Forward Transconductance {(Nole 2) Os Vos > | 3 X fEs( oMy Max: Ip = -BA 5 7 S
[Fouwe 1g§
Tum-On Doy Time lqon) | VoD = 50V, Ip ~19A, Nig = 9,101 Ry = 2302, ® | @] ns
Hiso Tmo t Vag = -1OV. (Fgures 17, 18) ~ a5 100 ns
MOSFET Switching Times are Eesentlally
Tum-Olf Defay Timo 'HOFF) | Indepandent of Operaling T empariure : 47 | 0| e
Fal Timo i =il Fi) ne
Tolal Galea Charge Qonon Vag=-10V, Ip = -18A, Vpg = 08 x Rated BVp g 70 o2 (119
(Gate lo Saurce + Gate b Uraln) &‘RE = «1.5mA (Flgures 14, 19, 209
Qate 1o Source Charge Qe Op: . '?r' Is E‘“::mm" Independent of 14 - nc
Gato 10 Drain "Melor Chergo Oy e ol L % | - | nc
i Cepaciance Ciss Ybs = -25Y, ¥gs = DV, (= 1MHz 1100 - pF
Oulpul Capaciance Cosg |Flowelt) 550 pF
Reverse TRmirCapadiance Cpog - 250 pF
Internal Dea by Inductance Lp Measwed From lhe Modlied MOSFET as - nH
Conlaed Screwon Teb b | Symbd Showing the
Lha Carder ol Dis Imarnal Davicos
Measired F rom the Diak | Iduciancos on 45 nH
Lead, Bmm (D.26in} from
Package lo tha Center of
Din
Interna Source Indudanoe Lg Measrad From the - 75 nH
Sowco Lead, Bnm
(0.25In) From Package 1o
Sourco Bonding Pad
Thermal Reslstarzo Junotion bb Case Ruic 1 ciy
Thenmal Radsmnce Juncia fo Amident Mya | Tydesi Sockol Maunl a5 | %cav




Source to Draln Dlode Speclflcations
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PARAMETER SYMBOL TEST CONDITIONS MI¥ | TYP | MAX |UNITE
Continuaus Sourco b Dmin Curent sp Moditied MOSFET Symbol -19 A
Pulse Seurce to Dmin Curront toom | howngibe inlegrd Ro- ° 75 A
Noto 3) PN dunction Diods :3\

a —
s

Sourge lo Draln Dicde Volage [Nols 2) Vep {Te =25°C,lgp = -19A, Vgg = OV Figure 13) - - 15 v
Hoverse Recovary Tmo M Ty=150%C, Igp = 19A, dispidl = 100AHS 170 -
Haverse Hecovery Charmgo ogr | Ty= 180%, Igp = 184, digpidl = 100AYs - 08 uC
NOTES:

2. Pulgo lest: pulsy widh <J00ps, duly cycle < 2%,
3. Repalitive ming: pues wid hiimied by mo xirmuem junclon lempemme. Sea Translon Thenmal Impedanca cuno (Figum 3)

4. Vpp = 25V, sinring Ty = 25°C. L= 4mH, R = 2541, poak g = 19A, (Figures 15. 16),

Typical Performance Curvas Uniess Giherwise Spacitied

us \

POWER DISSIPATION MULTIPLIER

e
(1]
~
\ -10
04 \
\ 5
o2 \
0 1]
[ 28 [ 75 we 128 150 178 25

Te CASETEMPERATURE {°C)

FIGURE 1. RHORMALIZED POWER DISSIPATION va CASE

H

Te. CASE TEUPERATURE (°C)

176

FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT va

TEMPERATURE CASE TEMPERATURE
1
§ L 06 =
68 | -
= 0.2
a ) 4+
£ ol o == Pou
3 o | oos e T ]
. 1y ]
L ooz e - | _
g L 001 | — iy - 1
g BIHGLE PULSE NOTES:
DUTY FAGTOR: Da Ay 1
L PN o o £ P Te
10% 104 103 102 T \

Ly, RECTANGUL AR PULSE DURATION (s)

FIGURE 3. HORMALIZED MAXIMUM TRANSIENT THERMAL IMFEDANCE



100

Typical Performance Curves uniess Chensise Spedfiad [Continued)

200 100
Vas = +16Y, | Vag = "“"I
== — i A SE DURATION - —
= H F .0 PULSE DURATION = B0y
z ‘l.l = CHYER |'o°;5; .: e DUTY CYCLE = 0.5% MAX
S A ~— . - p =
" o x N [y 1ma E .0 ’f Vag=-12V
-3 —r
8 EBE=HHER ™~ Wme 3 Vag= -10Y]
& OPERATION INTHIS ] 1008 Z .0
g AREA I3 LIWTED N o g Vag = 4V
B = Wrison s, Vog w-o¥
- ¥ 1} 11 v - -N
[ T = 25%C as
(1~ uaX RATED ; oy ] o8 =
SHGLE PULSE " — as Vag = AV
“"1 10 10 500 0 19 20 a0 A 50
Ype . DR AIHTO-SOURCE YOLTAGE (V) V3. DAANTO SOURCE VOLTAGE (V)
FIGURE 4. FORWARD BIAS SAFE OPEAATING AREA FIGURE 5. QUTPUT CHARACTERISTICS
50 v v -100 :
PULSE QURATION = Buw Vage 16V gy, . a2y 4 EPME DURATION = 80uv ¥
DUTY GYCLE = 05% MAX Vgg=-WY 5 F DU TY CYCLE = 0.6% MAX 3
l "] T
-4 - -4 I
= Vag= -1V g
o -
5 a0 Yag = 0V ] 8 g
2 / oy 3
E 1 Vag =8V §
L] =] = Tyn125%0
& Vagn -7V i |
& . ; 5 Ty 259G
Yo 57 2 L
u = JEY Q
Vg =5V e
,. S i AT
0 -2 -4 4 b =10 e 2 4 8 ] M0 2 4
Vs, DAAN TO SOURCE YOLTAGE (V) Vas GATE TD SOURCE YOLTAGE {V)
FIGURE 6. SATURATION CHARACTERISTICS FIGURE 7. TRANSFER GHARACTERISTICS
028
/ | PULSE DURATION = 8048 Py . 4
z 7 [ DUTY CYCLE = 28% WAX vm--wv.b-‘oal ]
S o2 Yog = -10¥ § PULSE DURATION = 80,m
g £ 'ts DUTY CYELE = 8% WA 1/
§ =3 ‘/ %, /’
vas — ol -
g e Vo =-20¥ E= -
gz L
zf [ 47 B 10 -
8 5o cf a
&84 1] :
-]
§ 0.40 as
I
2
0 -20 40 50 -8 100 02
tg- DRAIN CUARENT {A) =40 [ 0 &0 120 160
Ty JIHCTION TEMPERATURE (°C)
NOTE: Heaftng eflec| of 215 pulse is minmal,
FIGURE 8. DRAIN TO SOURCE ON RESISTANCE vs QATE FIGURE 8. MORM ALIZED DRAINTO SOURCE ON

VOLTAQE AND DRAIN CURRENT RESISTANCE v» JUNCTION TEMPERATURE
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Typical Performance Curves Unlass Otemiss Spediied (Conlinued)

148 2000 —
Ip = 250uA Vago B i 1hHe
- Cas «Cos + Can
g - 1600 AN €ats = Cap n
gle [y \ Coss - Cog+ Can
3 g L1 a2 — Cics
=g - %‘ 1200 | e
3 0.95 - "] \
& - 200 -~
i
0.88 9 e \r§
c
T s RSS
E ——
0.75 no 10 20 30 ) 50
0 0 0 20 120 160
T4 JUNCTION TEMPERATURE (°C) Yoi. DRANTO SOURGE YOLTAGE (¥)
FIQURE 10. NORMALIZED DRAH T0O SOURCE BREAXDOWN FIGURE §1, CAPACITANCE vs DRAIN TO SOURCE VOLTAGE

VOLTAQE v8 JUNCTION TEMPERATURE

100
# PULSE DURATION = B0k — PULSE DURATION = 80us
FDUTY CYCLE = (L5% WA 2 |ouTY CYCLE = 06% MAX
B, | Tl-as"c E Ta = 1606°C 1"
; o e
oL - ==
g /’,f“" T,u 25%C g - '
e )
8 [} //"‘ Ty = 125°C E / I’
§ / = Cs
r r
: & g—H
@ 3 i [
n' 0.1 ’
o 20 40 -850 40 100 04 e as 1 1.2 14 1.6 1.8
Ip. DRAN CUHRENT (A} Vg, SOUACE TO- DRAIN VOLTAGE [V}
FIGURE 12. TRANSCONDUCTANCE vs DRAIN CURRENT FIGURE 13. SOURCE TO DRAN DIODE VOLTAGE
" To= -10A
s [\
RN
-5
2 —
w0
B
Y%
68 10 Vpa = 20V
£ Vg = S0V
Vps = 80V
0 20 40 &0 ]

Qg70m), GATE CHARGE (nC}

FIQURE 14. GATE TO SOURCE VOLTAGE va GATE CHARQE



Test Clrcuits and Waveforins

YARY |p TO OBTAIN
REGUAED PEAK Ixg

SISk

FIQURE 15. UNCLAMPED ENERQYTEST CIRC T

|||—<

FIGURE 17. SWITCHING TIMETEST CIRCUAT

Vs
cuna o SOLATED
REQULATOR SURFLY)
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a l—tj\ put
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| I 3 rER s
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FIGURE 18, GATE CHARGE TEST GIACUIT
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TRADEMARKS

The following am regisiered and unregislered Irademarks Fairchild Semiconducter owns or Is authorized 1o use and s
not méended lo be an exhaustive lisl of all such trademarks,

ACEx™ FAST * OPTOLOGIC™ SMART START™  WCX™
Bottomiess™ FASTI™ OPTOPLANAR™ STAR'POWER™
CodFET™ FRFET™ PACMANT™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ PQOP™ StperSOT™-3
DenssTrench™ GTO™ Power247™ S SOT™-6
DOME ™ HiSeC™ PowerTrench® SuperSOT™-8
EcoSPARK™ ISOPLANAR ™ QFET™ SyncFET™
E2CMOS™ LifleFET™ Qs™ TinyLogic™
EnSigna™ MicroFET ™ QT Oploelectronics™ T Translation™
FACT™ MicroPak™ Qulet Series ™ UHC™

FACT Qulet Serfles™ MICROWRE™ SILENT SWITCHER®  UNRFET™
STAR'POWER is usad under Ikente

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN, FAIRCHILD
DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMSYWTHOUT THE EXPRES SWRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used hevoln:

1. Lile suppor devites or syslems am devices or 2 A ciitical componenl is ary component of a life
eyslams which, (8) are iblanded for surgcal bmplant inlo support device or syslem whose Talum lo pedom can
the body, or (b) support of sustsin Ife, of (c) whoee be reasonsbly expecled lo cause ibe fadure of the lfe
failure to parform when propery used In scoordance support device of system, or to aflect is safely or

vath Instruclions lor use provided in Lhe labeling, can be eilecliveness.
reasonably expecied lo msull In significam Injury o the

user,
PRODUGT STATUS DEFINITIONS
Definltion of Tarms
Datasheot Identificalion Product Status Dafinition
Advante Informalion Formative or This dalasheel contams Lhe design specifications fod
In Design produd developmenl Specifications may change in

Bny manner vrithout notice,

Prelminary First Produclion Thit dalasheol containg prefiminary data, and
supplemantary data will bo publishet al a laler date.
Fakchid Semiconductor reserves the right to make
changes al any tme wilholt nolica In order to mpeova
dasign.

No |dentficallon Needad Full Produclion This datashest conlans final speclications. Fairchid
Semkcondudor resenves the righl fo make changes al
any llme wihowt notice in order lo improve dealgn.

Obsolele Mol in Produgtion This delasheel conlaims specificalions on a product
Lhat has been discontinued by Fairchild semiconduclor.
The datasheel is printed for reference information only.
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MAHUIN (D)

FEAZBIAUDI TC4467

MicrocHIP TC4467/TC4468/TC4469

Logic-Input CMOS Quad Drivers

Features

+ High Peak Outpul Current: 1.2 A
* Wide Operaling Range:

- 46Vioi8vV

« Symmetical Rise/Fall Times: 25 nsec
+ Short, Equal Delay Times: 75 nsec

« Latch-proof, Will Withsiand 500 mA Inductive

Kickback

3 Inpul Logic Choices:
- AND / NAND/ AND + Inv
ESD Prelection on All Pins: 2 kV

Applications

+ General Purpose CMOS Logic Bufler

*+ Driving All Four MOSFETs in an H-Bridge

Direct Small Molor Driver

Relay or Perlpharal
CCD Driver

Pin-Switching Network Driver

Package Types

Diivers

14-Pin PDIP/ICERDIP
E Voo

14 [1]
10 [Z]
2 3]
28 [4]
24 [5]
:m[g

GhD |7

TC4407
TC4460
TC4489

Y 1Y
13 2y
1) 3y
g 4Y
6] 48

8] 44

16.Pin SOIC (Wide)

w O]
| ]
A [T3]
m 13
W 15|
= [TH
GND

GND

TCH8T
TCHES
TCHad

(161 ] Voo
18] | Yoo
[{al] 1v
T 2v
[T 3y
[TIT] 4Y
0 4B
[T 11 4n

General Description

The TCA467/TC4468/TC4469 devices are a family of
four-oulput CMOS buffers/™MOSFET drivers with 1.2 A
peak drive capabilily, Unlike olher MOSFET dilvers,
ihese devices have wo inpuls for each outpul The
Inputs ave configured as logle gales: NAND (TC4487),
AND (TC4468} and ANDANY (TC4469).

The TC4467/TC4468/TC4469 drivers can conlinuously
source up lo 250 mA into ground referenced loads.
These devices are ideal for direcl driving low curen
maotors or driving MOSFE Ts in a H-bridge configuration
for higher cument molor diive (gee Section 5.0 for
detalls). Having ihe loglc gales onboard the driver can
help to reduce component cound In many designs,

The TCA46T7TCA46TCA462 devices are very robusl
and highly iatch-up resistant They can loleraie up 1o
5V of nose eplking on the ground line and cart handle
up to 0.5 A of reverse cuirent on the driver oulputs.

The TCA4467/4468/4489 devices are availablg in
commerdal, industdal and milltary lemperature ranges.
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Logic Dlagrams
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TC4467/TC4468/TC4469

1.0 ELECTRICAL
CHARACTERISTICS
Absolute Maximum Ratingst
Supply Volage ... - 120V
Input Vollage ... (GND 5 V] lo (Vnn 10.3Vv)
Packaga Pmr Dlssnpallon (TA <70°C)
PODIP,
CERDIF ..
S0IC ..
Package Tharmal Ralslama
CERDIPRyy.p....... 100 CA
CERDIP F!,M_c 23°Cw
PDIP Rggn ... BO'CAY
PDIP Ry I5'Ca
SOIC R, .. a5'CAN
SOIC Ryyq:.... 28*CW

Operaling Temperalre Range.

C Verslon .0°C lo +70°C
E Version, ~40°C lo +85°C
MVnrsbn -55°C to +125'C
Maximum Chip Tempﬂraiure L A150°C

Slorage Temperalure Range..,. ..85°C lo +160"C

ELECTRICAL SPECIFICATIONS

tNotice: Siresses above hose Bsled under "Maximum
Ralings” may cause parmanant damaga fo lhe davics. Thisis
a stress rating only and functlonal operation of the device al
those or any other conditions above lhose Indicated In the
operation lislings of Ihis specification is nol implied. Expoaxe
ta maxlmum reling corditions for extended periods may affect
device rellability.

Elactrical Charactariatics: Unless olherwise noled, Ty = +26°C, with4.5 V s Vpp<s 18 V.

Paramelers l Sym [ Min | Typ I Max | Units Conditions
Input
Loglc 1, High Inpul Vollage Y 2.4 — Vop V  |Noted
Logic 0, Low Inpul Vollage Vi — — 08 V |Holo3
Inpul Currenl ™ -1.0 - +1.0 PA OV s Viy s Vpp
Output
High Oulput Voltage Vou |Vpp-0.026] — - V|l asn = 100 pA(Nota 1)
Low Qutpul Vollage VoL — - 0.15 V' lloap = 10 mA {Nota 1}
Oulput Reslistanca Ro - 10 15 1 |lgyr = 10mA Vg @ 18Y
Peak Qulput Cuirent Ipt — 1.2 — A
Continuous Cutput Currant lpe - - 300 mA | Single Quipud

— — 500 Tolal Package

Latch-Up Prodeciion Withsiand l - 500 — mA {45V <V <18V
Revaree Curent
Switching Time {Note 1)
Rise Tima ™ - 15 25 nsa¢ | Flgure 4-1
Fal Tima te — 16 25 nsec | Figuie 4-1
Dalay Time tpy — 40 75 naec | Figure 4-1
Delay Time toa —- 40 75 nsec |Figurg 4-1
Power Supply
Pawer Supply Curient Iy -— 1.5 4 mA,
Power Supply Voltage Voo 45 — 18 ¥ |Note?
HoWw 1: Tolem pole aulpuls thould nol ba pareleled baceusa Ihe propagation delay diffarenca s lrom ona | 1M olhar ool caw te ona drived to

ords befom anaih

driva high B few
times 848 ensured by design.

The rasuling cunan spke, alhaugh ahod, may deciesso ihe ke of tha davios, Swithing

1:  VWhan divmg all feur o-ulpuls.lh'nullmeculbj inthé sama direclion, Vip will be bmiled 10 16 V. This reducss Lhe thanca that inlarnal dwdt

\will causa high-powet das ipaton n the davics.

3. Tha npul threshald has apoximatgly 50 mV of iysleems s confered al appradmaljaly 1.5 W Inpud ris2 limes shauld ba kepd hetow b plac
to avold high mianal peak cumenss during nput bansilions, Static Inpu levels should also be mainteined above (he madmum, o below
the minimum, Input tevels spaciiad inthe "Elediical Charadenisics” 1o avoid inclensad power dissipation in Ihe device.
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TC4467/TC4468/TC4469

ELECTRICAL SPECIFICATIONS (OPERATING TEMPERATURES)

Elactrical Characteristics: Unlass olharwise noled, over operating leamperature range with4.5V s Vpp< 18V,
Paramaters l Sym ] Min I Typ l Max I Units | Conditlons
Input
Logic 1, High Input Vollage ' 24 — — vV |[Noted
Logle 0, Low Input Vollage Vi — — 08 V |Noted
Inpul Current hn -10 — 10 PA 10V SV <V
Quiput
High Output Votaga Vou | Vpp -0.025] — — V | hoap = 100 pA{Note 1)
Low Quiput Vollage Vor _ —_ 0.30 v foap = 19 mA (Hote 1)
Output Resislance Ro — 20 3 0 |lour=10mA Vpy =18V
Peak Oulpul Current Ipg - 1.2 -—_ A
Continuous Qulput Currenl loe — — 300 mA | Single Oulput
— — 500 Tolal Package
Latch-Up Proleciion Watsland I — 500 — mA | ABV gV, <18V
Reverse Current
8witching Time (Note 1)
Rise Time tn - 15 50 nsec | Figure 4-1
Fall Tme tn - 15 &0 nsec | Figura 4.1
Delay Tima Igy — 40 100 nsec | Figura 4.1
Délay Time toz — 49 100 | nzec |Figuie 4.1
Power Supply
Powes Supply Current Is — — ;] mA,
Power Supply Vollage Voo 4.5 — 18 ¥V |MNole2
Nowo 1 Tolem pola ovipuls should nol be parafieied because the propagaton delay dih frem one 1o Ihe olher could cause one driverlo

dikva high a few nanosacends balora anclhers, The rasuling currenl spike, athough shoil, may dacreass the We of (he device, Swilching
{imes are ensused by design,

21 Whan diking elllour outpuls simulanecualy m (her same dikoction, Vipn il be hmded 1o 38 V. This reducag Ihe chenca hat inlatnal dvii
will causa high-powar dissipalion in tha device.

3 The inpul ireshold has spproximalely 50 mV of rysterenls conlered al approuimately 1.6V, Inpul rise times shoukd be kepl below B pasc
lo avold high internal paak currenls during inpul rans dions. Stelic inpul Favols thould also be maintained sbave the i , of belovr
Iha minimum, inpullevels spechied in Iha “Electical Characleidlics " to avoid mereased power dssipation InLhe devios.

TRUTH TABLE

Parl No. TC4467 NAND TC4468 AND TC4469 AND/NV

Inputs A H H L L H H L L H H L L

Inpula B H L H L H L H L H L H L
Quipuls TCA48X L H H H H L L L L H L L

Legend: H= High L = lLow



TC4467/TC4468/TC4469
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20 TYPICAL PERFORMANCE CURVES
Note:  The graphs and tables provided following this note am a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characterslics fisted herein are
not lesled or guaranteed. In some graphs or lables, the data presented. may.be oulgde the speciflad
operating range (e.g., outside spedfied power supply range) and therefore oulside the warranted range.
Note: T, =+26°C,with45V <Vpp<18V.
140 r ud
120 2200 pF 120 | 200 pF\
| I N
100 |- 1600 pF - 100 |- 1800 pF -
v T
S sl ‘ow\_“ SO S [ _ E 80— %—
A i N e Y| 0
gl ?
40 [— 470 pF — 40— 470 pF ——
2 [:wo 20 |—100 pF
|
o3 5 7 ? ¢ 13 15 7 19 L T » 1 13 5 T 19
Vaypery V) Vaurmy V}
FIGURE 2-1: Rise Time vs. Supply FIGURE 2.4; Fall Time vs, Supply
Voltaga. Voltage.
140 140 I
120 Ly 81 120 ks
100 // -_‘W //
S ) re Eaa
I 4 p oy /ey
g e 0 80
B 1 ’ 71 3 % / "
o 40 £ -
’/’ LA d et ‘,':
20 [ 20| _;#ﬁf
% 1000 10000 Y% 1008 10,000
Croap (BPF) Croan (pFY
FIGURE 2-2: Rise Time vs. Capagilive FIGURE 2-5: Fall Time vs. Capacilive
Load. Load.
®ry =75V » T T
| e | \ P
D A ”'tnu.f:;;*' T e =
. - =]
g 18 /ﬁ_—-—""—“ §' \Q 1
w ‘4/ s g 0 e
£ o= 3 e
0w
5
% 38 0 25 [ T S % 6 ° e 12 “ 6 1®
TEMPERATURE ('C) Vaurny (V)
FIGURE 2-3: Rise/Fall Times vs. FIGURE 2-6: Propagation Defay Tinmwe vs.
Temperalure. Supply Voltage.




TC4467/TC4468/TC4469

20 TYPICAL PERFORMANCE CURVES (CONTINUED)
Noto: Tp=+26°C.withd4 6V SVppS18 V.
1o r L —
0 N | Voc »12¥ Vop= 7.5V |
g HPUT RISING g ol 3::1:;470:# o) —
100 = a1
- £ el
§ ol —— N n g ol ?
= 60 H |(—< ]I_ oo - © et
g 40 |- IRPUT FALLING el . a
i [ r— »
10 e R —— -
0 z 3 5 & 1 8 8§ 10 M a0 20 0 10 40 @ ® 109 1%
Yorwe (V] TEMPERATURE {C)
FIGURE 2-7: Input Amplitirds vs. Delay FIGURE 2-10: FPropagation Dalay Times
Times. vs. Temperaiures.
28 38 —
Yo " 115V
A 30
20 9
i / g — ]
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2.0 TYPICAL PERFORMANCE CURVES (CONTINUED)

Note: (Load on single oulput only).

-] @ T
Vo= 1BV /IIHIz | S Vaca v noapr I
01— {1 MHr - 30 + o /— -
A1 / / )Tooo oF
‘i . A Z i 40 /
w ,/ ,/ > 10
5 . // e Pl 5 . ) -/
- Bt =7 LA Ln 100 pr
- | L1 " o, /
10 ..—-—‘l'"-__;#-—-‘ —’-___,—' 20?”"'- X 19 __.-’A/:;;_ =
e 20 mz a d Ll .
100 1000 10,000 10 100 1000 10,000
Cunan (pF} FREQUENCY |kHz)
FIGURE 2-13: Supply Currenl vs. FIGURE 2-16: Supply Crrrent vs.
Capacitive Load. Frequency.
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FIGURE 2-14: Supply Current vs. FIGURE 2-17: Supply Currer vs,
Capacitive Load, Frequency.
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FIGURE 2-15: Supply Current vs. FIGURE 2-18: Supply Curremnl vs,

Capacilive Load, Frequency.
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3.0 PIN DESCRIPTIONS

C4468/TC4469

The descriplions of the pins are disted [n Table 3.1,

TABLE 3-1: PIN FUNCTION TABLE
14.Pin PDIP, 16-Pin SOIC
CERDIP {Wide} Doscriplion
Symhol Symbol

1A 1A Input A for Driver 1, TTL/CMOS Compatible Inpul
1B 1B Input B for Driver 1, TTL/CMOS Compatible Input
2A 2A Input A for Diiver 2, TTL/CMOS Compatible Input
2B 28 lnput B for Driver 2, TTL/ICMOS Compatible lnput
IA 3A Input A for Driver 3, TTL/CMOS Compatible Input
38 38 Input B for Driver 3, TTL/CMOS Compalible Input

GND GND Ground

-_ GND Ground

4A 4A Inpul A for Diiver 4, TTL/CMOS Compatible input
4B 4B Input B for Diver 4, TTL/ICMOS Compatible Input
4Y 4y Cutput for Driver 4, CMOS Push-Pull Output

3y Y Qutput for Driver 3, CMOS Push-Pull Qutput

2y 2y Qutput for Driver 2, CMOS Push-Pull Qutput

iy 1Y Oulpul for Driver 1, CMOS Push-Pull Qulput
Vop Vop Supply Inpul, 4.5Vio 18 V

— Voo Supply Input, 4.5V 10 t8 V




4.0 DETAILED DESCRIPTION
4.1 Supply Bypassing

Large cuianls are required to cherge and discharge
large capacilive loads quickly. For example, chaiging a
1000 pF load to 18V In 25 nsec requires 0.72 A from
the davice's power supply

To ansure low supply impedance over awide frequency
range. a 1 uF fim capacilor in parailel with one of two
low-Inductance, 0.1 pF ceramic disk capacitors wilh
short lead lenglhs (<0.5 in.) normally provide adequate

bypassing.
4.2 Grounding

The TC4467 and TC44689 conlain inverling divers,
Polenllnl dropas developed in common ground
impedancas from lnput to oulpwt wil appear as
negelive fesdback and degrede swiching speed
characlerlstics. Inslead, individual grovnd returns for
input and outpul clrcuils, or a ground plane, should be
used.

43 input Stage

The Input vollage level changes Ihe no-lcad or
quiascent supply currepd. The N-channel MOSFET
input stage transistor drives a 2.5 mA cumemt source
load. With logic ~ 0° oulputs, maxinum qulescent supply
currant s 4 mA, Logic "1° oulput level signals reduce
quiescent cwrment to 1.4 mA, maximum, Unused driver
inpuls musl be connected lo Vpp of Vgg. Mnimum
powes dissipallon occure for fogle “1° oulputs,

The drivers are designed with 50 mV of hysteresis.
which provides dean lransillons and minimizes oulput
stage current spiking whan chenging slates. Input voll-
age thresholds are epproximately 1.5V, making any
voltage grealer than 1.5 V. up lo Vpp. a logic “1" Inpul,
Input current 5 fess Lhan 1 pA over this range.

TC4467/TC4468/TC4469

4.4 Powaer Dissipation

The supply currenl versus frequency and supply
cumreni versus capacilive load characleristic curvas will
aid In determining power dissipation calculallons.
Microchip Technology's CMQS drivers have preally
reduced qulescent DC power consumption.

Input signal duly cycle, powar supply vollage and loag
lype influence package power dissipation. Given power
digsipalion and package thermal resistance, the maxi-
mum amblent operaling lemperature s easily
calcwlaled, The 14-pin plastlc package junclion-to-
amblent hermal resistanca lg 83,.3°C/W. AL +70°C, the
package is rated at B0O mW maximwn dissipalion.
Maximum allowable chip temperature is +150°C,

Three componenis make up total packege power
dissipaton:

1. Load-ceused diesipation (P},

2, Quieacent powar {Pg).

3. Transilion powsr {Py).

A capacitive Joad-caused dissipation (driving MOSFET
gatas), ls a direct function of fraquency, capacitive load
and supply vollage. The power dissipation Is:

EQUATION

e
L (8

A Sriching Frequency
C = Cupeitive Lod
Vg = Supply Volage

A resistive-loadcaused  dissipallon  for  ground-
referenced loade is a funclion of duly cycle, load
cument and load vollage. The power dissipallon is;

EQUATION

[ U i 1)

0= Dug Cyely

¥y = Supply Voluge
¥y beand Vidtge
iy Loud Curevnd
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A resistive-load-caused disapation for  supply- EQUATION
referenced loads is a function of duly cycle, load L
current and output voltage. The power dissipation is Pr= Y e’
EQUATION (" = HX) pF Copacitive Lod
I
Iy Dyl D = 50%
£ =200k}
N = Py Oyle
¥y = Deviee Cuipra Voliage Py, - Package Power Dissipation
f; = Load Curremt vy p(‘; 'y
= J3mW - 33m I+ 30m W
Quiescent power disslpation dapends on inpul slgnal = HinmK
duty cycle. Logic HIGH outpuls rasult in a lower power
dissipation mode, wilh only 0.6 mA total current drain P
ackage power disglpation Is the sum of lead,
{at devi:ns“dﬂ:en). Logle L(':I)-:V oul?uls rs:lse the quiescent and lransilion power dissipalions. An
current la 4 mA maximum. € quiescenl powar example showa the ralative magnitude for each term:
dissipation is. .
Maximum operaling temperalure is:
EQUATION
EQUATION
Py = TDUiy) + (- DY)
c . Tp=0,, 00 - 3eC
ty o Oniescent Current with oll onputs LOW 7, Mavimm allowable junction leaperatere
i md ) (+130°C)
i = Quivscent Crerrest with al onigranes HIGH BJ,{ = unctiotaambicet thermol reslstance
(G i) {53.3°CW) H-pln plastic package

0 Dury Crefe
Ve = Supply Veltage

Note:  Ambient opereting temperature shoutd not
excead +85°C for "EJD” device of +125°C
Trensiion power disslpation arises In the complimen- for "MJD" device.
tary configuralion {TC446X) because lhe culpul slage
N-channet and P-channel MOS Wansislors are ON
simultaneously for a very short period when lhe ouiput
changes. The Iranslion power dissipation s
approximataly:

Voo
Inpul: 100 kHz,
fﬁ—_‘_ square wave,
0.1 yF Ceramic trse = trapy = 10 nsec
V. juv
1
1AC—
18°£D‘> 00 Vour
470 pF
203 12:35
2B0—]
5
3A0— 1
3BO£D—I> °
SO
4BO—|
g7

FIGURE 4-1: Switching Time Tes! Circul,

1 yF Film

20%

tp2

(Ls
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5.0 APPLICATIONS INFORMATION

+12V

——
Alrpax

TCA4469 #MB2102-P2

13 Red  7.5/Slep

D,
: 33
-

FIGURE 5-1; Stepper Molor Drive.
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FIGURE 5-2: Quad Dnver For H-bridge Motor Conliol,
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6,0 PACKAGING INFORMATION
8.4 Package Marking Informalion

t4-Lead PDIP (300 mil} Example:

Il e B e e i 1 O e O o e O
XXXXX XXX XXXXX TC4467CPD
XXXXXKXXXXXXXKX

o A TYWHNEN o T VYR

LAGIGILIGIL L] BRI B [ SV [ B B Y Y

14-Lead CERDIP {300 mil) Example:

Ay 1 rir i rir1Mrirnr
KXXXXXXXXXXXXX TC4468EID
X XN KA KKKX

A\ YYHENNN Ay YYWHNNN

S A I I O LT T EITOOLT U

16-Lead SOIC (300 mll) Example:

Lonnonn

XA KHHHAAXK TC4469COE

XXAXKXAAN XX ¥ YHWNNN

XXXXEXXKXXX
YYHFHNN

o o®

IRIRINIRR]

Legend: XX.X Customer specific Information®
YY Year code (last 2 dighs of calendar year)
ww Week code (week of January 1 |s week ‘01')
NNN  Alphanumeric traceablity code

Note: Inthe evant the full Mictochlp part number cannol be marked on one line, i will
be cartisd over to the naxt line thus limiting the number of available characlera
for customer specific information.,

' Standard OTP marklng consists of Microchip part number, year coda, week code, facility code, mask
revil, and assembly code.
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14-Lead Plastic Dual In-line {P) — 300 mll (PDIP)

r-l—Ei—-'

ra

-

L PN
OO

a

O

=

b
g
o

B
Unds INCHES" HMLLMETERS
Dimension Linudg MIN NOK MAX MiN NOM MAX

HNumbar of Ping n 14 14

Pach P Ag0 254

Top 1o Sealing Plang A 140 155 A0 3.9 g4 432
Moded Package Thicknes A2 115 130 145 2.2 130 .68
Basa fo Seatng Flac Al D6 0.7

Shouldet 1o Shoulder Viidih E .300 313 325 7.62 7.94 8.8
Mokled Package Widlh 4] 240 260 260 8.1 635 8.60
Ovarall Lenglh b T40 750 760 18.60 10.0% 19.30
Tip lo Saaling Plane L 125 130 135 3.18 130 3.43
Lead Thicknass [ 008 iHH 018 0.0 0z9 0.3
Upper Lead Widih Bi 45 058 070 1.14 146 1.78
Lower Lowd Widih B 0t4 018 .022 0.3 n4é 0.56
Owverall Row Spadng § | eB 310 370 A0 7.87 B840 10,92
Moki Drafl Angla Top u 5 i0 15 5 10 15
okl Disfl Angls Bcllom B [ 10 15 ] 10 16

* Conliokng Paameler

§ Significon Chareclerislic

Noles:

Dimem sins D and E1 do ned incdurle modd Neash of prolusions. Mold fsh or protivsions shall nol exosed
.010" (0. 264mm) per side.

JEDEC Equivekil: MS-001

Dravdig No, CO4-005
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14-Lead Ceramic Dual In-line — 300 mil (CERDIP)

14-Pin CERDIP (Narrow)}

.200 {5,08)
160 {4.06)

200 (5.08)
125 £3,18)

AN 1

L0098 (2.49) MAX,

300 (162
.23 (5.84)
I[:ll_l L JLITTITTCITT
030 (0.78) MIN.
7E(18.81)
740 (18.80) "I
040 (1.02)
—.020 {a 1)
== 015 (0.98)
¥ 1501y 008 (0.20)
JHIN,
| L :
- - | 0&) (0.51)
H0[2.79) D85 11.65) 018 [0.41)
004 {2.20) M5 (1.14)

2220 (8.3}
20 (7 37{"

\[\,3- MIN

400 (0.18) |
Aa1y

Dimansiopns. nches (mm)
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