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Abstract

Traditionally, the feedback contro of a Switched Mode Power Supply (SMPS) employs
an analogue circuit. Despite simplicity and being Inexpensive ,the performance of the analogue
controller is greatly affected by noise and component drifts,degrading the power supply’s
reliability. A digital controller can alleviate the problems associated with its analogue counterpart,
but at the expense of increasing cost. Therefore, the digital controller is often employed in SMPS
for high-end products such as satellites,where reliability supercedes the cost. This thesis presents
the digital control of a buck converter. The I control algorithm was implemented digitally on
AVR Microcontroller to regulate the output voltage of a buck converter. In the thesis, the design
procedure for selecting the integral gain(Ki), with the aid of MATLAB,is described. It is shown
that the digitally controlled prototype converter is well regulated against the specified input
voltage. and output current ‘changes without the steady-state error, exhibits the transient

performance as closely predicted by MATLAB
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2.5.11/0 Memory

A13199 2-1 UAAINITINA UK T /O VBIATO0S4434 11ay AT90S8535

/0O Address (SRAM Address) Name Function

$3F ($5F) SREG Status REGister

$3E ($5E) SPH Stack Pointer High

$3D ($5D) SPL Stack Pointer Low

$3B (85B) GIMSK General Interrupt MaSK register

$3A (85A) GIFR General Interrupt Flag Register

$39 ($59) TIMSK Timer/Counter Interrupt Mask
register

$38 ($58) TIFR Timer/Counter Interrupt Flag =
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register

$35(8$55) MCUCR MCU general Control Register

$34 (854) MCUSR MCU general Status Register

$33 (853) TCCRO Timer/Counter0 Control Register

$32 (852) TCNTO Timer/Counter0 (8-bit)

$2F (84F) TCCRIA Timer/Counter] Control Register
A

$2E ($4E) TCCRIB Timer/Counter] Control Register
B

$2D ($4D) TCNTIH Timer/Counter] High Byte

$2C ($40) TCNTIL Timer/Counter] Low Byte

$2B ($4B) OCR1AH Timer/Counter1Output Compare
Register A High Byte

$2A ($4A) OCRI1AL Timer/Counter] Output Compare
Register A Low Byte

$29 (549) OCR1BH Timer/Counter 1 Output Compare
Register B High Byte

$28 ($48) OCRI1BL Timer/Counter]1 Output Compare
Register B Low Byte

$27 ($47) ICR1H T/C 1 Input Capture Register High
Byte

$26 ($46) ICRIL T/C 1 Input Capture Register Low
Byte

$25 ($45) TCCR2 Timer/Counter2 Control Register

$24 ($44) TCNT?2 Timer/Counter2 (8-bit)

$23 (843) OCR2 Timer/Counter2 Output Compare
Register

$22 ($42) ASSR Asynchronous Mode Status
Register

$21 ($41) WDTCR Watchdog Timer Control Register

$1F ($3E) EEARH EEPROM Address Register High
Byte

$1E ($3E) EEARL EEPROM Address Register Low
Byte

$1D ($3D) EEDR EEPROM Data Register

$I1C ($30) EECR

EEPROM Control Register J
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$1B ($3B) PORTA Data Register, Port A
$1A ($3A) DDRA Data Direction Register, Port A
$19 ($39) PINA Input Pins, Port A
$18 ($38) PORTB Data Register, Port B
$17(837) DDRB Data Direction Register, Port B
$16 (836) PINB Input Pins, Port B
$15 ($35) PORTC Data Register, Port C
$14 ($34) DDRC Data Direction Register, Port C
$13 ($33) PINC Input Pins, Port C
$12($32) PORTD Data Register, Port D
$11(831) DDRD ]jata Direction Register, Port D
$10 ($30) PIND Input Pins, Port D
$0F ($2F) SPDR SPI I/0 Data Register
$0E ($2E) SPSR SPI Status Register
$0D ($2D) SPCR SPI Control Register
$0C ($20) UDR UART I/O Data Register
$0B ($2B) USR UART Status Register
$0A (52A) UCR UART Control Register
$09 ($29) UBRR UART Baud Rate Register
$08 ($28) ACSR Analog Comparator Control and
Status Register
$07 (827) ADMUX ADC Multiplexer Select Register
$06 ($26) ADCSR ADC Control and Status Register
$05 (825) ADCH ADC Data Register High
$04 ($24) ADCL ADC Data Register Low

2.5.2 The Status Register - SREG

F9mMA0S SREG gninna Biidwimis $3r($sF)

21

$3F (35F)
Rasawrite
intial volua

519

u

y [ 5 4 2 2 1 3

S e TR D v N i Lsna Gi] | BREG
RAV R R R RAY [ RAY R
o o 0 a o o o [

o 1 Aa -4 & [ ~ o 1
2-23 UEAIRWNUITIANDT SREG Fagninae 13ndwmils $3F

=Bt T= f:Global Interrupt Engble

50181
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' vy
i 1 ezdesgn SET il 1 ifedsnsdmualyl INTERRUPT Henuasi,
Tﬂaﬁumaﬁwﬁudazlmdq%:mmsmtﬂmanﬁuﬁmuﬂ"lﬁ'iu?%mm{
GIMSK 1ag TIMSK uag 199 1 9 CLAR i 0
§uma§§wﬁnﬂﬁnzgn DISABLE 1agiin 1 9290 Clear lntgn Tusia
d‘ a a o 4 Yo M
WBINANITBUINDI S WAL QN SET laen1s1481de RET
= Bit 6 - T:Bit Copy Stroage
Yo o o o w dq Ya e Y A
M3 l91d BLD uagids BST axilusideiiesin T iy SOURCE
139 DESTINATION lasfind s 4 Tus3amesa1nise Copy asiin T 181
n3191d9 BLD uaza1s1se COPY 5in T adludnvessianos1dlaslda
@4 BST
= Bit5— HrHalf Carry Flag
1M H UeA9M131A Half Carry Flag
- Bit4-— S:Sign Bit,S=N+V
a dgw A
Wuiinfluaaaniomuty
= Bit3 - V:Two’s Complement Overflow Flag
UAAINTITN Two’s Complement
= Bit2 - N:Negative Flag
ﬂzu'dmmsv’iﬁﬁqﬁxﬂuammmiﬂizﬁ1mma‘imﬂ1ﬁm§uazaa$n
= Bit1-Z:Zero Flag
waasmsimdaneaaamansuazassnilimadiy o
- Bit0 - C:Carry Flag

LAAINITINA Carry Flag

2.5.3 The Stack Pointer — SP

1 AT90S4434/8535 221955 amo Tu119 8 0 bit 2 a2 Tudumie $3E uaz $3D mthi

i STACK POINTER feufiaziitlal12a1u,

£t 15 14 13 12 11 10 9 &

B3 ey . . 5 : < B ED) SPH
$30(550) SP7 BP6 -3 aP4 | &P ] ezl o E) sPL
7 € 3 ] K 2 1 [ i
Readwrita RAW R RW RV Rav A RAV R
RIW ReH RV RVr RAV R "W R
Infi2l extug g (] o ] =} o <} ]
0 o 0 o o 6 o ]

Ui 2-24 warasAwdESames Stack Pointer Fagninae liidumis $380ay $3p
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a o a das
2.6 MILFAUAZNIIOUNDS SHT
S g a dou d
2.6.1 MIIUBAAZNITOUAD S SN
o W a .4
luTasnouInsamos ATI0S4434/AT90S8535 ﬁ5z‘uummanﬁuaqatyaunmaumai
@ 4 1w 9 a o d 4 [ a o 4 s
IWNIN 16 urasdyan Tﬁﬂ"lﬂuﬂﬂaumassvmnnmawmxmazaumasiwmaﬂmﬂﬂu Tu
a v o (] [ a
MINILANMIADUAUDIVDIDUINDI THALARZLUMAL A5 aenInsAILNY 1@91n 1IN Enable
a d o I3 3 a &£ 9 a o d c:: o 1
YOIDUADIIWNUY ) uaziin [ A ldmuaumsdumesswinanua Taedumasn q Tu
o 1A ¥ { a o 4 o [ 2
PROGRAM MEMORY %m‘flumnmmﬁg_]ﬂ‘l%lﬂuﬁuﬁ*11meumm5wmaﬂmemaﬁmmc"ﬁqm
o a Jdw o 1 a a LY et Y] o @ A
T 2 LAAIDUMBT THNIAMB 14 TﬂEJmJ%1ﬂaumaﬁwmwm:ﬂummmﬂtyqaqﬂ Ao

s o

a do g v o
RESET suilagunossnindszimamdisadiga

a a s s
ANTNN 2-2 LAANDULABITNNLINIAD S

Vector No. Program Address Source Interrupt Definition
1 $000. RESET Hardware Pin and Watchdog Reset
2 $001 INTQ External Interrupt Request 0
3 $002 INT1 External Interrupt Request 1
4 $003 TIMER2 COMP Timer/Counter2 Compare Match
& S0n4 TIMER2 OWF Timer!CounterZ Overflow
6 $006 TIMER1 CAPT " | Timer/Counter! Capture Event
T $008 TIMER! COMPA Timer/Counter1 Compare Match A
8 $007 TIMER! COMPB | TimerfCounter! Compare Match 8
9 $008 TIMER! OWF TimerfCounter1 Overflowr
10 $009 TIMER) OVF Timer/Counter0 Overflow
1" $00A SPI, STC Serial Transfer Complate
12 008 UART, RX UART, Rx Complete
13 300C UART, UDRE UART Data Register Empty
14 300D UART, TX UART, Tx Complate
15 300 . ADC ADC Comversion Complets
16 $00F EE_RDY EEPROM Ready
17 $010 ANA_COMP Analog Comparator

2.6.2 dynalstdn
luTasneuInsamos AT90S4434/AT90S8S3S U550 3 unag
ey ' 3o
1. POWER ON RESET 1u1asneuInsaans a3 iFaiiotings e lWidsuen Vee uas
GND
4 =~ <£' =S o a Y
2. EXTERNAL RESET TulnsnoulnsamesesSidaiilofidygyinassn Low nn
nusEailuszeznannnnii 2 MUIAIYBITYQIU XTAL
3. WATCHDOG RESET lu lnsneuInsameszSigaiienenunaves WATCHDOG

11ay WATCHDOG 3zd0egnimua g
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' { a < a;’f ° A a
TusgnhaiifansSida Nemeinmuazgnimualiasudy uas Tsunsuezsy

v '
[

aiidmm e $0000 TaoAdafidumia $0000 azde iy RIMP uaf1 11sunsy 15
&

Tsunsw
Fenenan Rane? roR
Yoo ﬁ]‘l ot
¢ 100-500K
RERET] i Rasst Crasl 2 a
] ,5 qQ
Welzhdny
Tiner E FSTHT
s 8,
Vo o X HL* 148500 Rippie Catrer —r G — s Rser
LT B NS
~ v =~
3191 225 wamsTassa¥1ave929955 160
o [ [ <
AT 2-3 ANANHASVDITUYIUTIFA (Vee = 5.0 V)

Symbol Parameter Min Typ Max Units
Vpor Power-On Reset Threshold Voltage 1.4 1.6 18 v
VRer RESET Pin Threshold Voltage 0.6Vee \4

Reset Delay Time-Out Period
=l F;STRT U::m:r;emm“ed er 11 16 21 ms
tTOUT ?;j_;t Tcﬁ‘:fgle;ﬂ o0 1.0 1.1 1.2 ms

2.6.3 Power On Reset
y &4 Y 1 1o Y o
993909 Power On Reset (POR) gnasavuie 1vimilai Mcu a2 livhamdrs =gy
v '
"’UENLL‘NGTNVMLEU\‘i’N%]‘i5\1‘lﬂJﬁﬂizﬁﬂﬁﬂ&’ﬁﬂﬁizvﬂﬂﬁﬁ’m’I‘Llfﬂtﬂuﬁlﬂ@ MCU $f191u'ldodq
EY

9nNADY

Yy v k) LY [ a d Y o A [

1BIN5 19521V Power On Reset Mol MCU 12 d0espu i igadty Vee Y59 6
FUAUATUNIY Pull Up m1J52a1as 100K — 500K

a & A4 a

laviin FSTRT 15 lumisidenmunat TIME - oUT Sadlefin FSTRT gnlilsunsuay
) [ é 4 ] 4 ~
M1d¥ana1 TIME - oUT Smunaitosas Falisz Tomingraundiold osc sy

Ceramic Resonator
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S

[e]

L\
<
2
E1

f

RESET J

THAEQUT

&

ETR T 3

INTERNAL
RESET

|

z‘ﬂﬁ 2-26 MCU Start — Up,RESET Tied to Vce Rapidly Rising Vce

Vee ~~ Vo

RESET

e |

TIE-OUT h Ay o
H
a
1]
1]

INTERNAL

RESET .

3111227 MCU Start = Up,RESET Tied to Vee. Slowly Rising Ve

vce

RESET

THAE-OUT

b
2

INTERNAL l
RESET

3191 2-28 MCU Start Up,RESET Controlled Externally

L1l

2.6.4 External Reset
a g = & Y a = "y
MIIEANNMEUBNIZARTUIAsN1T1Ha0dn LOW flun RESET 86191108 2 Clock
o o ‘& 4 Qo d. -4 e o
vosry UM Fuilodryanauniveunuiesdu Treshold Voltage 9211112495 Time

Qg & S A : ! :
Delay t5311197U 9 CPU %zgﬂ?wmﬁamunmmm Time Delay ¥1172191U(3817 Time — Out
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! 1
1 ]
: :
1 ]
TRMEOUT i : g i
:
]
1
1

Pemer. o i

{ <
iﬂﬁ 2-29 uammunawaqms‘iwmﬂmauaﬂ

Y

2.6.5 Watchdog Reset
1ii® WTD TIME - OUT i3 iiladfaygnss PULSE fiflmumnanyind Clock Y09

dyananin 1ne¥ 1990103909 PUISE winlszuumsmiasansuiinusunuagie

(9919949 TIME — OUT 399211 CPU SiSi

— ir] [t 1 XTAL Cysia

Yorte ST NN TRETTE

gﬂ‘ﬁ 2-30  Watchdog Reset During Operation

2.6.6 MCU STATUS REGISTER - MCUSR

2] 7 =3 K 4 2 2 1 a

§34 (554 . n : 3 r E EXTRF PORF MCUSR
C ] I 1 ] I o] |

Reaatyimia R R R R R R RAY R

ndaivatua (] 4 Q o [} 0 03 tit deseriphion

5 S 2 a0
U7 2-31 umAsiumIia MCU STATUSREGISTER- MCUSR ¥99nIA13 AINA WM $34

= Bit 7.2 — Res : Reserved Bits
inlunguiiszgnaen 3 luduves AT90S4434/AT9088535 Tavtsndvziiansn o
= Bit1-PORF : Power On Reset Flag

v
a ~ P} é ~
Umu%:gﬂmaaﬁﬂﬂ Power On Reset %ﬁﬂTﬁiLéﬂﬁ"w WATCHDOG (182 EXTERNAL

RESET 92 luvi v intnasuuiag

- Bit0 - EXTERF : External Reset Flag
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4
e Q ) o 1 a I =S é
Had91niNA POWER ON RESET ﬂzllll’dnﬂiﬂﬂ']ﬂ‘Nﬂ"l@’]}'l’mﬂuil%llﬁﬂ']uzklﬂ HITINITD

wdes 19y 0 14 1a8 EXTERNAL RESET AaUMITn 1Sz Uy WATCHDOG 92 lajvin1+

v
=

Intunasunilas

4 [ @ <
A13199 2-4 LEAAIAIVDL PORF LAz EXTRE N8391nm15S 150

Reset Source PORF EXTRF
Poerer On Reset 1 undefined
External Reset unchanged 1
Watchdog Reset unchanged unchanged

Ya ~ 1 dy a o d‘ a2 g
’dm1'5aiamwnﬂanmuLﬂuuﬂumﬁmﬁumeau°1wmm'mcm

~ A a4
AT N 2-5 uaﬂmau"lwmmiwm

Table 5. Reset Source Identification

PORF EXTRF Reset Source
0 0 Watchdog Reget
[v] 1 External Resat
1 0 Povrer-On Reset
1 1 Power-On Raset

2.7 Interrupt Handling

J At slq ¥ a Jo & o oA
TuTnsnouTnaimes AT9084434/AT90S8535 T3amo s I uBwRD NI 2 61 Ao
4 a a a du g
GIMSK uaz TIMSK #4055 3imaiuquunzuansiinaaiuzuestumesswiens o
A Aa Y Jd a d? ° yva &4 a A 9 a da 4 d
telpumpsIwTifatu i v I Fuiludnildnrugusumossnignindusiiu o
o a AW & e 3 a y
wazazi oo Swivanunvzgn Disable §ldausainin 1 1§y 1 dedsants

Enable Interrupt

Y Ay da d o o a a g '
Wemmadunesswiezyily cpu n3z Iaa UM TsunsuusSnssumesSny: uas

14
v a &K

a o a do Jd o ) A yq y a o
maﬂilnterrupt Flag (ﬂlﬂﬂ@um@ﬁi‘wﬂ'ﬂﬂ’lﬁﬁmﬂﬂlu) ‘1mﬂu 0 ﬁﬁﬂﬂi%ﬂTﬁWiﬂlaﬂi Inten‘upt

a { o
Flag 18 Taomsilouanin 1 as Tu Flag fideensinies

Bt 7 E s 4 3 2 ' 0

528 1308) | LN N I S| 5 | P
Raasw/nta Y7 R R R R A R

intic esu 2 Q 9 2 o @ o

& ° ' £ o d'
gﬂ'ﬂ 2-32 LdPIA U UIThe General Interrupt Mask Register —- GIMSK %Qgﬂ%ﬂ’ﬂ»‘luﬁﬂ
AWML $3B

= Bit 7—INTI1 : External Interrupt 1 Enable
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ﬁ a Adgqy a o o A o ' 4 a 4 < ﬂ
(uiinile Enable msdumasswinnmousnfigumyiat INT1 Taaiotintignieaily
< a a o Jd a <
DazilumsvenliifiamsSuinesinyione INT1 (fn 1 azdesgridadiu 1) T ldaunse
A [ @ Ay ~ o o Yya a o Y a
IapNANBUEYRITYINUNININNN  INTI Ninah IiiAadwaesswitldoniyn 1SCoo uas
& a o d o 1 o 1
ISCO1FIDUMDTTNINIABS D2 DGR IMS $002
= Bit 6 - INTO : Exterrupt Request 0 Enable
Shi dq v a do o Ao ' 4 a & g i
1uiinild Enable msdumesswinnmousniigumieu INTO Tauioiintignideilu
a a a Ju o a < 9
1 azitlumstusenldifamssume i INTo @Gin 1 wdoagnidaiiu 1) Taedld
A o o o ~ A o qQ ¥a a S v a
AINIRBNANEUSYRITYRIUNW NN INTO Nl lFiRansoumef¥ns & niin
& a o '8 o 't o 1
ISCO0 L1z ISCO1H4BUIND T SHNLINABS Iz BYNF UM $001
- Bit5—Res: Reserved bits
o a
TuluTnsneuInsames AT90S4434/AT9058535 aauiin'ls

The General Interrupt Flag Register — GIFR

Bit 7 S & 4 3 ] 1 a
S3A1364) | I I T : I 7 T - Elita: S ] QiR
Runa?tta Ra W R R R R

fntfvalue 0 e} a 2] [+] o

e e 1

td' o ' & d' o '
gﬂ“ﬂ 2-33 HOAIAUNUIThe General Interrupt Flag Register—GIFR“NQﬂilﬂ'JNvl%‘l’]ﬂnmuﬂ $3A

= Bit 7 INTF1:External Interrupt Flagl

a a a do s § @ { o
Lﬂuu‘ﬂllﬁﬂQﬁﬂﬁﬂ:ﬁﬂ’lﬁlﬂﬂﬂﬂlﬁﬂii?"ﬂ%1ﬂ :External InterruptlLﬁﬁ)ﬁﬁﬂ]ﬂﬂﬂlﬂ'mﬁﬂ1ﬂuﬂ

e

Y a

a 9 - 4 o Y < & A d
luiin 1sC11uaz 1SC10 vy INTL Fev i INTFI gadmidiu 1 dedrin 1 Wsiaees
SREG uaziln INTL seasraldiiinBuines Swiiiiaz cPU nss lnalamlusumis $002

a =8 "8 o wva =) =3 EY =} a a
uazlin INTF1 grindeiitu o Tagda Tufd wieannsanded1dTavmsideuansn 1 adludin
INTF1

= Bit 6 - INTF0:External Interrupt Flag0

allA PR PR 4 o ieo a
duiniduansanuemsfasumnes S nyone INTO Wiodduanamunsivualuin

o o

Y a

ISC00 iz 1SCO1 infivt INTO Gavinl INTFO gt 1 Sedriin 1 WidSaimnd SREG

wagdn INTO sz asraldiiadumesswiaz CPU sz Taa lvamlugums $001 naxin

INTFO grinduiiilu o Tauda Tuiid neaunsomdes 18 TnemsiSouansn 1 asluiin INTFo
- Bit5—Res : Reserved bits

Tu AT9054434/AT9058535 gaaaau 3 Tastsndtiniiezidiu o
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The Timer/Counter Interrupt Mask Register — TIMSK

Bt 7 6 5 4 3 2 1 O

s20 (1) ' T O I N B0 T | I I I TiMsK
Resavinta R "W R "W AW R R RV
Intiatvatua o 0 0 o 0 0 o o

= s R -
317 2-34 1R MUY The Timer/Counter Interrupt Mask Register — TIMSK F9nIn19 14N
AN $39

- Bit 7— OCIE2:Timer/Counter2 Output Compare Match Interrupt Enabal

futnfildsmua  Enabal dumesswiiAAIA Output Compare Match V94
Timer/Counter2 iifo {in OCIE2 uagin 1 gdaldifu 1 uaaehBumesinsive
Timer/Counter2 Output Compare Match 1831015 Enable Tasnnmesmsdumessniszog
ALNUL $003

= Bit 6 —- TOIE2:Timer/Counter2 Overflow Interrupt Enable

Wufinfitmuna Enable SuimesSniidi@an Overflow 93 Timer/Counter2 Ao ini
gnidaily 1uag 1 pneseidhy 1 dae wzdiunseenldifanssumesSniianns Overflow
94 Timer/Counter2 TauBuines swinmesogiidumia $004

= Bit5—-TOIE1: Counterl Input Capture Interrupt Enable

Wuiinfismua Enable Sumosswifi@asin Input Capture Y84 Timer/Counter2 lagiije
in TICIEwaziin 1 gasedlu 1 g awdiumsmsoenldifamssume fSnvaan Input
Capture 409 Timer/Counter2 lagBuimes SwitlnnDTogfigumnale 005

- Bit4—- OCE1A:Timer/Counterl Output CompareA Match Interrupt Enable

Lﬂuﬁﬂﬁi‘%} Enable A150UIABS S W1 1n Output CompareA Match ¥84 Timer/Counter]l lae

PN a < a a o
iedin OCE1A wazin 1 gridiaiiiu 1 dae szifiunisnisvenldinnnssume 2 Swion Output

'
1 o ]

a o o ' o
CompareA Match Y849 Timer/Counterl DULADTTWNIINADIDYNA ULV UL $007

Qu

- Bit4— OCE1B:Timer/Counterl Output CompareA Match Interrupt Enable

2.8 WosABUYA/E YA

2.8.1 Wo3n A

uwesn 2 firmeuiin 8 §a Taofimiasniuguens  veanesa fe Fmand
PORTA REGISTER) ogfiduimis $1B($53B) 33ain0d DDRA(DATA DIRECTION
REGISTER) ®giid11imia $1AGS3A) 1Az PINAGPORT A INPUT PINS) ogfigumis
$19(839) Taw PINA szansasiulfeaiion himwsadoudoyansld Tuvasd PoRTA

1 ' o o o '
taz DDRA aunsnemuaziould Taounazaidaanuvesmods A szansosinualie
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ANNAUNIY PULL LOW luasizfinnnudumiy PULL UP nely ACTIVE 123l
MCU 3705Z1a0nNIN18UDnN
4 ° 1 & Y a
wosa A vzgnir i) 1dnuBnedmiisie Wundyaubunaresisns ANALOG
v 4 Y] s o a
TO DIGITAL TﬂﬂmmwwmwamAQﬂ‘l%ﬂm‘f]umum‘nwmmwam Tuvznunan
d a 1 {
vonoin A gnlfiiunBuynues ANALOG TO DIGITAL gl3azdesliin/dsumlas
o -4 { o w
an1eMItuveInesa A Tuvaziiaes ANALOG TO DIGITAL 15789 Conversion
o/ é ) 9 o o o o =1 o Y %
ayana Feernzi lamsiimsulasdayanugndadanag sinai limsuasdagnm
AANATA

mathewlulnuassndawdinuezsinld SCHMITT TRIGGER wpadaueninn

o
0NAADDN

=1l 7 a 13 4 3 2 t 5
S1B¢338) I PORTA7 | PORTAG | PORTAS | FORT AL | PORTA3 | PORIAZ | PORIA1 I PORTAQ I PORTA
Raxdvints RVE R RAV R R W RAV RAV
inmivalua 0 Q 0 G e o Q °

The Port A Data Direction Register - DDRA
Eat 7 ‘ § 5 4 3 H 1 a
1A | ooa7 | DOwé [ DDAS | DDA4 | | DDA3 | ©0DAZ | DDAl | DoAY | DORA

o = . 2% T

Rexawnia R Ray RAV RN RAE W RAV RAV
tnbalvatun Q 0 o 9 [ 0 [} o

The Part A Input Pins Address - PINA
Eit 7 & 5 4 1 Fd 1 o

v e IR

$19(59 L rmar | PHAE | CPNAS T CRIHAA | Pma3 | PINAZ | I T Y
Raxivimta R R R R R R R R
Intolvatta HWZ 1% 4 HLZ HZ HZ HLZ HLZ -z

dll o ] A S Jd
‘g‘j‘lJ‘V] 2-35 L ANALNUN Llﬁzi%ﬁmﬂ‘i‘ﬂﬂ?'ﬂﬂu NWOIM A

] 1 BIn Be A, & o ] 1 o
PINA Tila3%ames Fedwmisndmuaszilusumisvewdazvivesmesa Tay
11180114 PORTA aiiumsemmi LATCH a2un1561161 PINA wilun1s o115 99

YDIVIWOS A

Iy a 3
2.8.1.1 m3lianu wesn A iWhanduymeniya

a A 4 a o a [ I°4
Un DDAn 1u33aimes DDRA aziluiinilflunsimuafirnieussusaz nosa

Y a < o v o :/’ s VA a
21UN DDAn gﬂmmﬂu 1 %:‘nﬂmwmwamumﬂummwﬂ lg1tio DDAn Qﬂlﬂﬁﬂlﬂu 0

£
v % o

o a & 1 el {
ﬂ%ﬂWiﬁﬂlWNUQﬂﬂTﬂﬂﬂL‘ﬂﬂﬂUﬂﬂ FIANITVDIVIR99) HAAIAIANIT 1IN 2-6

A15199 2-6 DDRn Effects on PORTA Pins

DDAn PORTAN 10 Pull Up Comment
0 0 Input No Tn-state (Hi-Z)
0 1 Input Yes PAn will source cument if ext. pulled los.
1 (1] Output No Push-Pull Zero Output
1 1 Output No Push-Pull One Cutput
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2.8.1.2 Insaad19veanesn A

:ll o = [ [ ~
NNUVINHUAYDINDTA A ﬂznﬁﬂymgiﬂiqﬁi']\?ﬂqzﬂﬂ 2-36

"
R,
@

CATE ALA

— ’
YD [i | |

— A2

TAAD WX
BEOANTE S04
0, RNITE OO
ML MEACPONALATTH
PP BRAC SO AR
RG AL TONA
N

i 236 ummslassadreunanesa A (Pins PAO - PA7)

2.8.2 WosA B

o d a a Aada &t 9 -4 [l %
noIn B LﬂuWﬂiﬂﬁBQWﬁ%N YUIA 8 1N Tﬂﬂﬂi%ﬂ!ﬂ@iﬂi%ﬂ?ﬂﬂi’ﬂﬂiﬁ B oy 3 a1

N

1 o 1

Ao S9MA03 PORTB DAL $18($38), 59cin0s DDRB DUNAMNUS $17($37) wa

o [ o
PINB ognaunue $16($36) laewasa A uaazunaunsauonivualdSanudiumuy

9

é 1 -
PULL UP Tédmudeans Geluumaznamisasunseie (SINK CURRENT) 18 20 mA Tae

d’ : Q'J 4 o {
NUBINDIA B o msn Ivanuduilesudug 1daansiedi 2-7

: = ’
M3191 2-7 M3 IFuiesudug Yoaneia B

Port Pin

Alternate Functions

PBO

TO (Timer/Counter 0 external counter input)

PB1

T1 (Timer/Counter 1 external counter input)

PB2

AINO (Analog comparator positive input)

PB3

AIN1 (Analog comparator negative input)

PB4

SS (SPI Slave Select input)

PB5

MOSI (SPI Bus Master Qutput/Slave Input)

PB6

MISO (SPI Bus Master Input/Slave Output)

PB7

SCK (SPI Bus Serial Clock)

’



The Port B Data Register- PORTB

Bt 7 8 5 “ 3 2 1 0

$1a (838 [CFoRmerT rortee T rorme T ronre: [ FORTES | FPORIBZ ] FORTEI | roRtss ] rorme
Resavits 7 RV AN R R - —Rw RAV ey

intiatvetus 0 0 o o 0 o o e
The Port B Data Direction Register -DDRB

&t 7 & 5 4 3 z 1 o

s17(83) L_oper T DoBe 1 DDEs | DoBI ] DoBs T 005: [_ooer | Goeo ] oose
RaodWits R e T oA = W R A

intsal valua o o 0 0 0 o o 0
The Port B Input Pins Address - PINB

Bt v a 5 4 3 2 1 0

$18 (5553 I I G G I T I I
Rasdtwtio R R S R R R R R

Intsal vstue W H-Z HILZ HZ iz Wz Wz Hz

Y

{ o 1 Aa & d
517 2:37 memtmuasﬁmmmwmuQu WoIA B

v 3 5| ¢ a 13
2821 mslaumesa B ihuinesadunanazionina

~ Y 4 a o
ATTNN 2-8 Llﬁﬂﬂﬂﬁ(l%ﬂu‘Wﬂ‘iGl B Li‘luﬂuwmmzmmwm
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DDBn PORTBn , e} PuilUp Comment
0 0 . Input No Tri-state (Hi-Z)
0 1 Input Yes PBn will source current if ext. puted low.
1 0 Qutput No Push-Pull Zero Qutput
1 1 Output No Push-Pull Ona Output
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1 0 Output No Push-Pull Zero Quiput
1 1 Output No Push-Pull One Output
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PDS OC1A(Timer/Counter! oulput compare A match cuiput)
PD8 IGP (TimerCountert input capture pin)
PD7 OC2(TimerfCounter2 cutput compare match cutput)
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DDDNn PORTDn ro Pull Up Comment
0 9 Input No Tri-state (Hi-Z)
0 1 Input Yos PDn will souroe aurrent if ext. pufied low.
1 Q Output No Push-Pull Zero Output
1 1 Cutput Mo Push-Pull One Qutpat

2 do A d
2.8.4.2 mamnuWaniusuveInasa D
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A a g o £ d
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A a g o v a
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2.9 Timer & Counter

M0l AT90S4434/AT9058535 $a1T Timer/Counter 3 ¥a Tagdaily Timer/Couter
YUIA 8 1IN 2 %A 110 Timer/Counter V1A 16 1 1 %@

Timer/Counter2  a1mnsaiudyanm CLOCK »nnouen  dudly Option 192117
Timer/Counter2 3n#uiu RTC Tasldf XTAL #ifimnnudimiaty 32768 KHz sdlugiunm

Timer/Counter0 1182 Timer/Counterl 147995 Prescaling ¥U1@ 10 UMswAu  dau
Timer/Counter2 143393 Prescaling HOAATIHIN

2.9.1 Timer/Counter0
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292341A5 lu(Synchronized) fudaygranitniniely cpu

2.9.1.1 The Timer/Counter0 Control Register TCCR0
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Bit 7..3 — Res:Reserved bits
Bit 2,1,0 — CS02,CS01,Cs00:Clock Select 0,bit2,1 and 0

2.9.1.2 The Timer Counter 0 - TCNT0
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2.9.2 TIMER1 & COUNTERI1
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msaammnﬁ’ﬂﬂauna%maﬁmzswuquuﬁ%ma

4.1 msaammmmz156nqﬂnsnﬁmmﬁ'ﬂﬂaunaﬁﬂa{
4.1.1 82nlUU L ﬂlﬂﬂﬁﬂﬂ@]ﬂ!?ﬂémﬂg

Specifications

-Output Voltage , V, =5V

-Output Current , I, = 1-5A

-Switching Frequency , f,=20KHz

~Input Voltage , V. = 15-20V

Bm=02T ,J= 3A/mm’,K,=1,K,=0.6

° ' v o
M L 1dnnaunish 1

A8 S
Alf
Al o nszuasuidalu L Seumsy 10-25% vou [, ; Smuald Al= % ve41, -
I+ Vo (4.2)
gmag
D, =025
L5V (1-0.25)
0.5V % 20KHz
L=375 uH

IHO 25%-468.75 uH \don 500 1H

3 d
4.1.2 ﬂ]u?mﬁ"l‘llu]ﬂ‘"@ﬂl!ﬂu!ﬂ@ﬁdlﬁﬂ
1

E:ELﬁ (4.3)
L =1 +£ (4.4)
2
I, = 5+9£
2
L, =525A

m

E =%xﬂmﬂHx52§

E =6.89x107°
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Ap = AwAc = L 4.5)
KwKcJBm

Ap= e 2x6.89
0.6x1x02x3

Ap =38281.25 mm*

A J 4 2
aenvAveunuwWes 15 EI 50/42 ,Ap=39100mm", A, =230 mm’, A,

4.1.3 ﬁ]ﬂ?ﬂdﬁ]“?ﬂiﬂﬂﬂ!ﬂﬂ‘ﬂﬂ@?ﬂﬂ MR

(4.6)
AcBm
v »500,uHx5.254

230x0.2

N= 5706501 109n 58 501
4.1.4 MUIUMVUIAQIAND LA

J =34/ mm?

SV

a=— {0 I=],

w'u‘

a
a=1.6666 mm-
RPAYUIAVDIVARIALLDT AWG 15 ,a=1.652 mm’

4.1.5 n3TRVVAIANDLAININI 0TI H S N3]

AwKw > aN
AwKw =170x 0.6

AwKw =102 mm°
aN=1.652x58
aN=95816 mm’

AwKw > aN aansanuvaaIaneagle
4.1.6 MUINMVINA Airgap

_ HoAcN®

Ig —, =41 x10" 4.7

oo 47 X107 x 587 x230x107

lg=1.944x10" m = 1.944 mm
4.1.7 MUIUMIA C V9921995177

=170 mm’
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AV,
=0.5% ¥93 V,
14
(1-0.33)
8x500.H x 0.025% 20K >
C=1675x10°F

C:

4.2 MILBNUVVTLVVAIVANAINDD
Qs 3 9 ad 9 LRy §
MIVBALVVITVUILVUAIIANATRDANIE A 2 T5aruiufs
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& o ~ Y a '8 o a
Root Locus ¥995zUyTagTalsunsy Matlab mmzumaw"1ﬂm’;miwﬁmmmqummz
aunuszuusell
i]ﬂﬁz!ﬁﬂﬂ Buck Converter
>>fs = 20000
>>Ts = 1/fs;
>>Vs =15;
>>Vo=5;
>>L = 525%107-6;
>>C = 461.71%10%-6;
>>rc=0.9;
>>R =5;
S18RZRUA PWM
>>D=Vo/Vs;
>>Vp=Vo/D;
>>num=(Vs/(Vp*L*C))*[(rc*C) 1]
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>>den=[1 ((1/(R*C))+(rc/L)) (1/L*C))];
>>Buck = tf(num,den)
Transfer function:

1714 s + 4.132¢006

$"2 + 2148 s + 4.132¢006

%1113 Close Loop 1102 gdfayaya step INDQHANDUAUDIVEITZLIL
>>Bucks = feedback(Buck, 1)

>>step(Bucks)

System Bucks /
Time (sec): 0.000842
A_\mp_!itude{ 0.589

i G ; e ~ e !
O e oy M 1 155

Tnme (sec) o

U7 4-1 Lamadryann step 09 Buck

WU ﬁ?hsteady state error =0.5

v
ABIN15AM steady state error ‘lﬁmam‘ﬂuﬂuwannwaﬂﬁa A9 19 I- Controller

G

[

mmiﬂfcmammmmmumﬂsam"lﬂ %Uﬂﬂlﬁ)ﬁinUi}wlﬂaﬂu%’]ﬂ%ﬁﬂﬁ 1 fluwiiad 2 ude

[ o
ﬂm'amamﬂmaauwmawmmmswuuumawmmu step L1AZ41Y Ramp fozﬁmﬁ]ug{uﬂ
%0L51®u1ﬂ N udes et suns Ge(s) = Ki/s
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>>rltool(Buck)

31U

Amplitude

o4t 4
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e i

307 43 uansraneuTUBIRD YL Step

£ <4 Y1 1y 1 p=} Sy
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#1370 18I Over Shoot 11az 91 Steady — State 157

iy 18 Ge(s) = 200/s
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51U Matlab %zuﬁmaﬁi%”luﬂmu]aamﬂizuussiau‘fm"lﬂﬁ]uszuu"lajﬁimﬁmﬁﬁa
M
[SYSD,G] = CZD(SYSC,TS,METHOD)
>>numg = [0 200];deng=[1 0]
>>Ge = tflnumg,deng)
>> Gez=c2d(Gc, 1/20000, 'tustin")
Transfer function:

0.005 z + 0.005

Sampling time: 5e-005

msuas nsudimesHena ¥o37 UL llogluTamm 2
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>> Buckz=c2d(Buck,1/20000, tustin')

Transfer function:

0.04302 z*2 + 0.00489 z - 0.03813

z"2 - 1.889 z + 0.8983
Sampling time: 5e-005
o ) Yas a ' P
Ma991nUN 133 The root locus AMUAUTINUALHNANDUTUDIVDITZ VDU U
foamsnsels m"lmflummmiﬂmmiﬂsuumw1ﬁmmaif~ummmmu Gian 150 Zero
LWEl‘IﬁSu‘UU‘VINTLlllﬂmiﬂwﬁijf)ﬂ‘ln Tﬂﬂiuwu%u‘l% function 11 Matlab mmmﬂn"lﬂmtm

function ufﬂiﬂiﬂ‘ﬂiﬂt!@lﬁﬂ? Gian LAY Zero UYDIAA I-Controller w%’auﬁmamwamu

L=}

AUDIUDITT U laNud

>>rltool (Buckz,Gez) ;
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D Real s i

Ui 4-5 uamadumiesinluTanm z
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WouldsunsulaouuamalunisiBouTdsunsudsen
910 Z - transform Myua Ing
ZF(2) = t(n)
22 E(Z) =t < m)
GC(Z) = U(2)/E(Z)

Tngii Ge(z) - 0-005Z +0.005
(z-1) f
U(Z)._ 0.005Z +0.005
E(Z) Z-1)

U(2)2-U(Z) = 0.005ZE(Z)+ 0.005E(Z)
017! Qmﬁaammma:%ﬂgﬂ‘lﬂﬂ%ﬂﬁ'
U(2)=U(Z)2™ +0.005E(Z)+ 0.005E(z)z"!
U(n) = U(n—1)+0.005E(n)+ 0.005E(n - 1) .10

v v
aansnihauns @.10) 1114950 1l Tns T sisaeso T1&aem s Flow chart #141)
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e(n-1) = e(n)

u(n-1)=u(n)

u(n)=u(n-1)+0.0058(n-1)+0.005e(n) _}

Q end \\
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C1 +Duty
51.2%

C1 Freq
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,-/*********-k***************************************

; Program :Generate PWM by Timer/Counter

; Description :Timer/Counterl generates pulse at PWMl port
; CPU Control :ATmegal63

; File name :MCP3001.asm

; Assembler :AVR Studio 3.10
:-**************************************************

i .include "g:\avr\inc\ml63def.inc"

-include "g:\avr\inc\2313def.inc"
;.include "g:\avr\inc\8535def.inc"
.org $000
rimp reset ;Reset Handle

,-************************

; Define Register
,-************************

.def temp =1rl9
.def C Vref = r20
.def status =122
.def ADC H =123
.def ADC L = r24
.def flag i VA

;********************************

; Define Constant
;**************************ﬁr*****

.equ A2D L ¥ BoZLD M TRt YRoTE
.equ cillg =73 ;. PD4

.equ Dout =4 ey RDS

.equ cs TR ; PD6

.equ Vref & KV F AR 16 T =Y moavienl

g****************************

: Main Program
7*****************************

reset : 1di temp, low (RAMEND)
out SPL, temp ;init Stack Pointer
1di temp, high (RAMEND)
: out SPH, temp ;init Stack Pointer
initial port D interface to mcp 3001
PD3 = Clk o/p-= 1
PD4 = Dout i/p =0
PD5 = ~CS o/p = 1

initial ADC interface PD

Jica temp,0b11101111

out DDRD, Temp

ser temp

out PORTD, Temp

cilir ADC 1

cle ADC H
/Initial ADC Parallel

ser temp

out DDRB, Temp

out PortB, temp

dito bt C Vref,Vref

/*********************************

Main Program
/*********************************

clock use 400nS (2.5 MHz)



main:

loop:

O T TR T

;Over f:

- skl:

1 loop:

§ 1:

'END Program

cbi
nop
nop
e€bi
nop
nop
sbi
nop
nop
chi
nop
nop
sbi
nop
nop
ebi
nop
nop
sbi
Akl
nop
cbi
nop
nop
sbi
sec
sbis
clc
rol
chi
no¥
dec
brne
nop
sbi
ror
ror
for
ror
mov
cll c
subi
brcs
cbi

rijmp

sbi

com
out

1di

dec
brne

rjmp

A2D, cs

Ro2Dyeclk:r-eclk = 0

A2D,clk ; clk i

Il

A2D,elk’; clk =0

AZ2D el kel ol k =2

A2D elikisioedik

I
(@}

A2D,clk ; clk =1 null bit
temp, OxA ; initial loop

A2D, clk e PR =_0

A2D,clk ; clk = 1 start read
P C=1
PIND, Dout

ADC L
A2 D).CdK € -l K
ADC H
temp
loop

Il
(>

A2D, cs
ADC H
ADC L
ADC H
ADC L

temp,ADC L ; complete read adc

temp, Vref
Over f

PORTD, 6 ;Vin from ADC More than Vref
skl

neg temp
PORTD, 6

temp 7o forled only
PORTB, temp

r20,0%x20

r20
d loop

main



Program
Description

; CPU Control
; File name
; Assembler
;i Programer

Last Update

:I Controller
:This Progran I Controller Generate PWM

:Controll Buck Converter

:ATmegal63
:J pwml.asm
:AVR Studio 3.50

+Bag

:27/03/03

-**********************************************************

.include "g:\avr\inc\ml63def.inc"

.org
rjmp
.0rg
rjmp

5000

reset
50012
TO int

-*********************************************************

;Reset Handle

,-*****************************************

; Define Register
,-****************************************

.def
.def
.def
.def
.def
.def
.def
.def
.def
.def
.def

temp
pwm h
pwm 1
re: lo
statu
flag
Duty
En

Vn

quant
Alfa

ad
s

([}

(]|

S 104
rl8
s )
r20
LN
r22
23
r24
r25
rl5
rlo6

;**********************************************

; Define Constant
,-**********************************************

.equ
.equ
.equ
.equ

outpu
c e
pwm
clk

i
B

Il

PortD
0x90
4

3

,-**********************************************

; Main Program

;***********************************************

reset:

;initial output

;initial input

;initial PWM

; initial timer

=

ser
out
out
1ai:
out
1di
out

clr
out
out
ser
out
out

1di
1di

1di

op

ip

temp
DDRC, temp
PORTC, temp

temp, low (RAMEND)

SPL, temp

;init Stack Pointer

temp, high (RAMEND)

SPH, temp

;init Stack Pointer

port a read data from ADC

temp
DDRB, tem
DDRA, tem
temp

PORTB, temp
PORTA, temp

pwm h,-1
pwm 1,-1

temp, Ox1

p
P

;set timerO interrupt



out TIMSK, temp

1di re load, -1 ;prescale 1

out TCNTO, re load ;initial value of timer/counter0

1di temp, 0b10 ;set set prescale 0 and start timer/count
out TCCRO, temp

ser flag

sbi output, clk ;elk =0

;jinitial parameter

ldi duty, 50 ;8D

1di V.0

Ldi En, 0

1di alfa,13;0x10

in temp, PINA

com temp

mov alfa, temp

1di temp, Ox7F

mov quant, temp

sei ;set golbal interrupt
main: rijmp main

;*************************************

; ISR TimerO

;*************************************

L0 dint:
ESE status
breq p_low
;pulse hi :
in temp, PINA
com temp
mov alfa, temp
in temp, PINB SSl\/ 180
egle
subi En, Ox7F AL )
bres o flow
mul En,;alfa
cp r0, quant
brlo 1 3Bl sy
inc i
n plus: sub Vnxl ;V(n) = V(n-=1)-a*E(n)
bree DTY
1di Vn, 20
rimp By
o flow: neg En
mul En,alfa
cp r0, quant e
brlo O Nplus
inc rl
D Nplus: add Vn, ril ;V(n) = V(n-1)+a*E(n)
bree DTY
1di Vn, 250
PTY: mul Vn, duty
mov En, temp
1.di: pwm h,0x32
sub pwm h,rl
com pwm h
mov pwn 1,rl
com pwm 1
out TCNTO, pwm h
clr Temp "
out PORTC, Temp
clr status
£ 10 reti

‘pulse low
> low: out TCNTO, pwm_ 1

’



ser Temp

out PORTC, Temp

;ebi output, pwm ;pwm =0
ser status

out SREG, r18

reti

;END Program
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MUR8100E, MURS8OE

MURB100E is a Preferred Device

SWITCHMODE™
Power Rectifiers

Ultrafast “E” Series with High Reverse
Energy Capability

SRR T

- .. designed for use in switching power supplies, inverters and as
free wheeling diodes, these state—of-the—art devices have the
following features:
® 20 mjoules Avalanche Energy Guaranteed

® Excellent Protection Against Voltage Transients in Switching
Inductive Load Circuits

Ultrafast 75 Nanosecond Recovery Time
175°C Operating Junction Temperature
Popular TO-220 Package

Epoxy Meets UL94, Vo @ 1/8”

Low Forward Voltage

Low Leakage Current .

High Temperature Glass Passivated Junction
Reverse Voltage to 1000 Volts

Mechanical Characteristics:
® Case: Epoxy, Molded

® Weight: 1.9 grams (approximately)

® Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

® Lead Temperature for Soldering Purposes:
260°C Max. for 10 Seconds

® Shipped 50 units per plastic tube
® Marking: US80E, U8100E

MAXIMUM RATINGS

Rating Symbol Value Unit

Peak Repetitive Reverse Voltage VRRM \%
Working Peak Reverse Voltage VRwM
DC Blocking Voltage MURB880E VR 800

MURB8100E 1000
Average Rectified Forward Current Irav) 8.0 A

(Rated Vg, Tc = 150°C)

Total Device

Peak Repetitive Forward Current ISV 16 A

(Rated Vg, Square Wave,
20 kHz, T¢ = 150°C)

Non-Repetitive Peak Surge Current lEsm 100 A
(Surge Applied at Rated Load
Conditions Halfwave, Single
Phase, 60 Hz)

Operating Junction and Storage Ty, Tstg —65to +175 °G
Temperature Range

© Semiconductor Components Industries, LLC, 2000 1
October, 2000 — Rev. 1

ON Semiconductor™

http://lonsemi.com

TR B A TV A

ULTRAFAST

SN MR

RECTIFIERS

8.0 AMPERES

800-1000 VOLTS

1

SAININISALTIAN YT ) S ATV IS

TO-220AC
CASE 221B
PLASTIC

MARKING DIAGRAM

@)

U8x0E

(N

e

UBXOE = Device Code
=8or10

X

ORDERING INFORMATION

Device Package Shipping
MURB8100E TO-220 50 Units/Rail
MURB8B80E TO-220 50 Units/Rail

Preferred devices are
and best overall value.

S RN

NG A T AR

recommended choices for future use
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THERMAL CHARACTERISTICS

MUR8100E, MURSS0E

Characteristic Symbol Value Unit
Maximum Thermal Resistance, Junction to Case Rayc 2.0 °C/W
ELECTRICAL CHARACTERISTICS
Characteristic Symbol MURSS0E | MUR8100E Unit
Maximum Instantaneous Forward Voltage (Note 1.) VE Volts
(iF = 8.0 Amps, T¢ = 150°C) 1.5
(iF = 8.0 Amps, T¢ = 25°C) 1.8
Maximum Instantaneous Reverse Current (Note 1.) iR HA
(Rated dc Voltage, T¢ = 100°C) 500
(Rated dc Voltage, T¢ = 25°C) 25
Maximum Reverse Recovery Time tr ns
(IF = 1.0 Amp, di/dt = 50 Ampsius) 100
(IF=0.5 Amp, ig = 1.0 Amp, Irec = 0.25 Amp) 75
Controlled Avalanche Energy WavaL 20 mJ
(See Test Circuit in Figure 6. )

1. Pulse Test: Pulse Width = 300 ps, Duty Cycle <2.0%.

e cenze

>t

o

http://onsemi.com
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i, INSTANTANEOUS FORWARD CURRENT (AMPS)

IF(AV) , AVERAGE FORWARD CURRENT (AMPS)
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MUR8100E, MURSSOE

N

Ty=175°C ~

11

0.4 0.6 0.8 1.0 {2 14 1.6 1.8
Vi, INSTANTANEOUS VOLTAGE (VOLTS)
Figure 1. Typical Forward Voltage
10 TN Vol 1
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Figure 4. Current Derating, Ambient
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Figure 5. Power Dissipation
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MURS8100E, MURSSOE

+VDD
'Ll 40 uH CcOIL
-0 VD
N
[
MERCURY > 30 [0
SWITCH )% e A
L~
P
DUT P \\
S =
s \ v
~ \\ DD
B t t t

Figure 6. Test Circuit

The unclamped inductive switching circuit shown in
Figure 6. was used to demonstrate the controlled avalanche
capability of the new “E” series Ultrafast rectifiers. A
mercury switch was used instead of an electronic switch to
simulate a noisy environment when the switch was being
opened.

When S is closed at tg the current in the inductor Iy ramps
up linearly; and energy is stored in the coil. At t1 the switch
is opened and the voltage across the diode under test begins
to rise rapidly, due to di/dt effects, when this induced voltage
reaches the breakdown voltage of the diode, it is clamped at
BVpur and the diode begins to conduct the full load current
which now starts to decay linearly through the diode, and
goes to zero at t5.

By solving the loop equation at the point in time when Si
is opened; and calculating the energy that is transferred to
the diode it can be shown that the total energy transferred is
equal to the energy stored in the inductor plus a finite amount
of energy from the Vpp power supply while the diode is in

Figure 7. Current-Voltage Waveforms

breakdown (from t; to tp) minus any losses due to finite
component resistances. Assuming the component resistive
clements are small Equation (1) approximates the total
energy transferred to the diode. It can be seen from this
equation that if the Vpp voltage is low compared to the
breakdown voltage of the device, the amount of energy
contributed by the supply during breakdown is small and the
total energy can be assumed to be nearly equal to the energy
stored in the coil during the time when S; was closed,
Equation (2).

The oscilloscope picture in Figure 8. , shows the
MURBI00E in this test circuit conducting a peak current of
one ampere at a breakdown voltage of 1300 volts, and using
Equation (2) the encrgy absorbed by the MURS100E is
approximately 20 mjoules.

Although it is not recommended to design for this
condition, the new “E” series provides added protection
against those unforeseen transient viruses that can produce
unexplained random failures in unfriendly environments.

: i “SARLY S, CHANNEL 2:
EQUATION (1): CH1! '500V 20us 11953V - VERT -
" i fPK BVbut [CH2. 1 S0mV. - L osawesnu
AVAL = 3 BVour~VoD o :
; ' CHANNEL 1:
Vout
EQUATION (2): 500 VOLTS/DIV.
N2 S
WavaL = 7Hipk i
Lo TIME BASE:
. 20 us/DIV.

S 1 217:33 HR
HRCE, - - = = =" ;

Figure 8. Current-Voltage Waveforms
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r(t), TRANSIENT THERMAL RESISTANCE

(NORMALIZED)

MUR8100E, MURS880E

14 i e -
07 = D=0.I5 I 17
05
0.3 T :—— = —a il
- 1 T /”:—"/
el 0. LT L4+ o L1 L] P(pk) Zojclt) = r(t) RGJC ::l:
F 0.05 = i ReJc = 1.5°C/W MAX B
ggg L = D CURVES APPLY FOR POWER |
i lE = PULSE TRAIN SHOWN ]
0.03 ﬂ‘ - _'].l‘_ ';:.‘ READ TIME AT t ]
= £ Tupk) = Tc = Pk Zaycll)
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Figure 9. Thermal Response
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MUR8100E, MURSSOE

PACKAGE DIMENSIONS

NOTES:

NS

Y14.5M,

1982,

. CONTROLLING DIMENSION: INCH.

. DIMENSIONING AND TOLERANCING PER ANSI

INCHES MILLINETERS

| DIM| MIN | WMAX | MIN | MAX
A | 0595 | 0620 | 15.11 | 1575
B | 0380 | 0.405 | 9.65 | 1029
C [ 0160 | 019 | 4.06 | 482
D | 0025 [ 0035 | 0.64 | 0.9
F [ 0142 [ 0147 | 361 | 373
G | 0190 | 0210 | 4.83 | 53
H [ 0110 | 0130 | 279 | 330
J | 0018 [ 0025 | 045 | om
K | 0500 | 0.562 | 12.70 | 14.27
L | 0045 [ 0.060 | 1.14 | 150
Q | 0100 [ 0120 | 254 | 3.04
R [ 0080 [ 0110 | 204 | 279
S | 0045 | 0055 | 114 | 1.3
T | 0235 | 0255 | 597 | 648
U [ 0000 [ 0050 | 0.000 | 127

e

TO-220 TWO-LEAD
CASE 221B-04
ISSUE D

C j=—
i le— S
8] j

el
ey,
ekl

6




MUR8100E, MURSSOE

Notes
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MUR8100E, MURS8S0E

SWITCHMODE is a trademark of Semiconductor Components Industries, LLC.

ON Semiconductor and m are trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes
without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular

including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/for
specifications can and do vary in different applications and actual perfformance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or
death may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold
SCILLC and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable
attomney fees arising out of, directty or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim
alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.
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PUBLICATION ORDERING INFORMATION

NORTH AMERICA Literature Fulfillment:
Literature Distribution Center for ON Semiconductor
P.O. Box 5163, Denver, Colorado 80217 USA
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada
Email: ONlit@hibbertco.com
Fax Response Line: 303-675-2167 or 800-344-3810 Toll Free USA/Canada

N. American Technical Support: 800-282-9855 Toll Free USA/Canada

EUROPE: LDC for ON Semiconductor — European Support
German Phone: (+1) 303-308-7140 (Mon—Fri 2:30pm to 7:00pm CET)
Email: ONlit-german@hibbertco.com
French Phone: (+1) 303-308-7141 (Mon—Fri 2:00pm to 7:00pm CET)
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*Available from Germany, France, Italy, UK, Ireland
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CENTRAL/SOUTH AMERICA:
Spanish Phone: 303-308-7143 (Mon—Fri 8:00am to 5:00pm MST)
Email: ONlit-spanish@hibbertco.com
Toll-Free from Mexico: Dial 01-800—288-2872 for Access —
then Dial 866-297-9322

ASIA/PACIFIC: LDC for ON Semiconductor — Asia Support
Phone: 303-675-2121 (Tue—Fri 9:00am to 1:00pm, Hong Kong Time)
Toll Free from Hong Kong & Singapore:
001-800—4422-3781
Email: ONlit-asia@hibbertco.com

JAPAN: ON Semiconductor, Japan Customer Focus Center
4-32-1 Nishi-Gotanda, Shinagawa—ku, Tokyo, Japan 141-0031
Phone: 81-3-5740-2700
Email: r14525@onsemi.com

ON Semiconductor Website: http://onsemi.com
For additional information, please contact your local
Sales Representative.
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Data Sheet

30A, 50V, 0.040 Ohm, N-Channel Power
MOSFET

This is an N-Channel enhancement mode silicon gate power
field effect transistor designed for applications such as
switching regulators, switching converters, motor drivers,
relay drivers and drivers for high power bipolar switching
transistors requiring high speed and low gate drive power.
This type can be operated directly from integrated circuits.

Formerly developmental type TA9771.

Ordering Information

BUZ11

June 1999

File Number 2253.2

Features

e 30A, 50V

* IpS(ON) = 0.040Q

* SOA is Power Dissipation Limited
* Nanosecond Switching Speeds

e Linear Transfer Characteristics

* High Input Impedance

* Majority Carrier Device

* Related Literature

LPART NUMBER PACKAGE BRAND j - TB334 “Guidelines for Soldering Surface Mount
] BUZ11 TO-220AB BUZ11 Components to PC Boards'
NOTE: When ordering, use the entire part number. Symbol

D

G

s

Packaging
JEDEC TO-220AB
SOURCE

DRAIN
g GATE

e

©2001 Fairchild Semiconductor Corporation
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BUZ11

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

BUZ11 UNITS

Drain to Source Breakdown Voltage (Notest)ans i e s R e Vps 50 v
Drain to Gate Voltage (RGS=/20kO)(Note 1)t GF il Bt on e S i VbGR 50 Y
Sanigiiole DismGtment STeanogy Tl T el e i e Ip 30 A
hlsediDtaiCunenyNele A) 0 o i b e R e Iom 120 A
Sela 0 Soleealtanet bel T L e Vas +20 v
Maxmum BowerDissipations s e s bl ta. o o ol e Pp 75 w
Hiesrldringbacor e e it e R e e e 0.6 w/°c
Operaiing and Storage Tempenature . v (/.00 i s e T, TsTg -850 150 °c
Diftbumidtyieateqorye BINMODM0LT I (or e S i o L i E
IEGClimelie Gategory -DINIEC 681 0. iclided o oiie i i i 55/150/56
Maximum Temperature for Soldering

Leads at 0.063in (1.6mm) from Case for 10s. ....... ... . ...,  ewee——— Al 300 2C

Package Body for 10s, See Techbrief 334 ... ..., .. P epeme— Tpkg 260 °c

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

NOTE:
1. Ty =25°C to 125°C.

Electrical Specifications Tc = 25°C, Unless Otherwise Specified
e PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drain to Source Breakdown Voltage BVpss | Ip=250pA, Vgg = 0V 50 - - Vv
Gate Threshold Voltage VasH)y |Vas =Vps, Ip = 1mA (Figure 9) 21 3 4 \"
Zero Gate Voltage Drain Current Ipss Ty =25°C, Vpg = 50V, Vgs =0V - 20 250 HA
Ty =125°C, Vpg = 50V, Vgg = OV - 100 | 1000 | pA
Gate to Source Leakage Current lass Vs =20V, Vpg =0V X 10 100 nA
Drain to Source On Resistance (Note 2) 'soN) | Ip=15A, Vgg = 10V (Figure 8) - 0.03 | 0.04
Forward Transconductance (Note 2) dfs Vbs =25V, Ip = 15A (Figure 11) 4 8 - S
Tum-On Delay Time td(oN) Vee =30V, Ip = 8A, Vgg = 10V, Rgs = 509, - 30 45 ns
Rise Time t GRp L Soa z o J 110 | ns
Tum-Off Delay Time td(oFF) - 180 230 ns
Fall Time t - 130 170 ns
Input Capacitance Ciss Vbs =25V, Vgg =0V, f = 1MHz (Figure 10) z 1500 | 2000 pF
Output Capacitance “C‘o:s—ﬂ - 750 1100 pF
Reverse Transfer Capacitance CRrss - 250 400 pF
Thermal Resistance Junction to Case Reuc <167 " ocw
Thermal Resistance Junction to Ambient Reua <75 °cw
Source to Drain Diode Specifications
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX |UNITS
Entinuous Source to Drain Current Isp Tc=25°C - - 30 A
Pulsed Source to Drain Current IsoMm | Tg=25°C - - 120 A
Source to Drain Diode Voltage Vsp Ty=25°C, Igp = 60A, Vgg = OV - 1.7 2.6 \
Reverse Recovery Time trr Ty=25°C, Igp = 30A, digp/dt = 100A/ys, - 200 - ns
LReverse Recovery Charge Qrr VB S0 - 0.25 - uC‘J
NOTES:

2. Pulse Test: Pulse width < 300ms, duty cycle < 2%.

3. Repetitive rating: pulse width limited by maximum junction temperature. See Transient Thermal Impedance curve (Figure 3).

©2001 Fairchild Semiconductor Corporation BUZ1 Rev. A



BUZ11

Typical Performance Curves uniess otherwise Specified
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BUZ11

Typical Performanpe Curves Unless Otherwise Specified (Continued)
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BUZ11

Typical Performance Curves unless Otherwise Specified (Continued)

3 15
_. ‘% FPULSE DURATION = 8058 b
< DUTY CYCLE = 0.5% MAX )
= T, = 25°C &
e

T 102 £ Vps=1ov L~
o o l/ )
3 —— oc — Q 10
(3] Ty =150 C: : "
E 7 g
« 10! :Egt Vps = 40V —|
R =————— 3 7T A Ds
[e) y s (%)
=4 y Y 4 [e]
w y - g
[¥] I w
S 10 g
o 7 o /
&2 J—7 8
82 11 R

1071 L[] 0

0 0.5 1.0 15 2.0 2.5 3.0 0 10 20 30 40 50

Vsp, SOURCE TO DRAIN VOLTAGE ) Qg, GATE CHARGE (nC)
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Test Circuits and Waveforms
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FIGURE 14. SWITCHING TIME TEST CIRCUIT FIGURE 15. RESISTIVE SWITCHING WAVEFORMS
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FIGURE 16. GATE CHARGE TEST CIRCUIT FIGURE 17. GATE CHARGE WAVEFORMS
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST @ PACMAN™ SuperSOT™-3
Bottomless™ FASTr™ POP™ SuperSOT™-6
CoolFET™ GlobalOptoisolator™ PowerTrench ® SuperSOT™-8
CROSSVOLT™ GTO™ QFET™ SyncFET™
DenseTrench™ HiSeC™ Qs™ TinyLogic™
DOME™ ISOPLANAR™ QT Optoelectronics™ UHC™
EcoSPARK™ LittleFET™ Quiet Series™ UltraFET™
E2CMOS™ MicroFET™ SILENT SWITCHER ® VCX™
EnSigna™ MICROWIRE™ SMART START™

FACT™ OPTOLOGIC™ Star* Power™

FACT Quiet Series™ OPTOPLANAR™ Stealth™

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITYARISING 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 SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant into support device or system whose failure to perform can
the body, or (b) support or sustain life, or (c) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or

with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification . Product Status Definition
Advance Information Formaﬁive or This datasheet contains the design specifications for
In Design product development. Specifications may change in
any manner without notice. L
Preliminary First Production

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve

design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

Rev. H




MICROCHIP - MCP3001

2.7V 10-Bit A/D Converter with SPI™ Serial Interface

Features Package Types

* 10-bit resolution PDIP, MSOP, SOIC, TSSOP

* +1 LSB max DNL

- +1LSB max INL VeI I,

+ On-chip sample and hold INE e 2 LA CLR

* SPI™ serial interface (modes 0,0 and 1,1) IN-[] 3 § 61 Dour

* Single supply operation: 2.7V - 5.5V b g, = 5[] CS/SHDN

* 200 ksps sampling rate at 5V

* 75 ksps sampling rate at 2.7V

* Low power CMOS technology
- 5 nA typical standby current, 2 pA max
- 500 pA max active current at 5V

lllustration not to scale

Functional Block Diagram

% . VDD VSS

* Industrial temp range: -40°C to +85°C
* 8-pin PDIP, SOIC, MSOP and TSSOP packages Fl— e — = = 1
Applications | l
+ Sensor Interface 1 |
* Process Control | |
+ Data Acquisition N+ Sample 10-8it SAR | |
. d

Battery Operated Systems N hol o8, |
Description | 5 — |

. I

The Microchip Technology Inc. MCP3001 is a succes- [ CONRCICTcl ciee | |
sive approximation 10-bit A/D converter (ADC) with on- T 9 | & = sy o | e
board sample and hold circuitry. The device provides a TS/SHDN  CLK Bi

single pseudo-differential input. Differential Nonlinear-
ity (DNL) and Integral Nonlinearity (INL) are both spec-
ified at +1 LSB max. Communication with the device is
done using a simple serial interface compatible with the
SPI protocol. The device is capable of sample rates up
to 200 ksps at a clock rate of 2.8 MHz. The MCP3001
operates over a broad voltage range (2.7V -55V).
Low current design permits operation with a typical
standby current of only 5 nA and a typical active current
of 400 pA. The device is offered in 8-pin PDIP, MSOP,
TSSOP and 150 mil SOIC packages.

SPI™ is a trademark of Motorola Inc.

T e e e R

© 2001 Microchip Technology Inc. DS21293B-page 1



MCP3001

1.0 ELECTRICAL
CHARACTERISTICS '

1.1 Maximum Ratings*

Vippeimmasaiais e et o ol S a e L 7.0v
Allinputs and outputs w.r.t. Vg...... -0.6V to Vo +0.6V
Storage temperature .......................... -65°C to +150°C
Ambient temp. with power applied .....-65°C to +125°C
ESD protection on all pins (HBM)..........ccoeuee....... > 4kV

*Notice: Stresses above those listed under “Maximum ratings”
may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at those or
any other conditions above those indicated in the operational
listings of this specification is not implied. Exposure to maxi-
mum rating conditions for extended periods may affect device
reliability.

ELECTRICAL CHARACTERISTICS

PIN FUNCTION TABLE

Name Function
Voo +2.7V to 5.5V Power Supply
Ves Ground
IN+ Positive Analog Input
IN- Negative Analog Input
CLK Serial Clock
Dour Serial Data Out
CS/SHDN m/Shutdown Input
Vier Reference Voltage Input

All parameters apply at Vp, = 5V, Vss =0V, Vger = 5V, Tayg = -40°C to +85°C, fsampe =200 ksps and fo « = 14* g aupLes
unless otherwise noted. Typical values apply for Vipp =5V, Tays =25°C, unless otherwise noted.
Parameter Sym | Min Typ , Max | Units I Conditions

Conversion Rate:
Conversion Time tconv = — 10 clock

cycles
Analog Input Sample Time tsampLE 1.5 clock

cycles
Throughput Rate fSAMPLE — — 200 ksps | Vpp = Vger = 5V

5 ksps | Vpp = Vger = 2.7V
DC Accuracy:
Resolution 10 bits
Integral Nonlinearity INL — 0.5 11 LSB
Differential Nonlinearity DNL — 1+0.25 +1 LSB | No missing codes over tem-
perature
Offset Error " — — £1.5 LSB
Gain Error — — 11 LSB
Dynamic Performance: e
Total Harmonic Distortion THD — -76 — dB |V, =0.1Vto 4.9V@1 kHz
Signal to Noise and Distortion SINAD - 61 — dB  [Vy=0.1Vto 4.9V@1 kHz
(SINAD)
Spurious Free Dynamic Range SFDR — 80 — dB |[V\y=0.1Vto 4.9V@1 kHz
Reference Input:
Voltage Range Veer 0.25 — Voo Vv Note 2
Current Drain lrer — 90 150 MAEs
0.001 3 HA |CS =Vyp=5V

Note 1:

2: See graph that relates linearity performance to Vier level.
3: Because the sample cap will eventually lose charge, clock rates below 10 kHz can affect linearity perfor-

mance, especially at elevated temperatures.

This parameter is guaranteed by characterization and not 100% tested.

DS21293B-page 2
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MCP3001

All parameters apply at Vg = 5V, Vg = 0V, Vier = 5V, Tayg =-40°C to +85
unless otherwise noted. Typical values apply for V

°C, fsampLe = 200 ksps and fq = 14" sampie:
pb = 9V, Taus =25°C, unless otherwise noted.

Parameter Sym | Min I Typ ‘ Max J Units l Conditions
Temperature Ranges:
Specified Temperature Range Ta -40 — +85 °C
Operating Temperature Range Ta -40 — +85 °C
Storage Temperature Range Tp -65 — +150 °C
Thermal Package Resistance:
Thermal Resistance, 8L-PDIP 0, — 85 — °C/IW
Thermal Resistance, 8L-SOIC 0.x L 163 — °C/W
Thermal Resistance, 8L-MSOP 0. — 206 — °C/W
Thermal Resistance, 8L-TSSOP 0, — — °C/W
Analog Inputs:
Input Voltage Range (IN+) IN+ IN- — VigeetIN- \%
Input Voltage Range (IN-) IN- V¢s-100 ard Vgs+100 mV
Leakage Current — 0.001 1 HA
Switch Resistance Rss — 1K — Q See Figure 4-1

Sample Capacitor CiniLe = 20 = pF | See Figure 4-1

Digital Input/Output:

Data Coding Format Straight Binary

High Level Input Voltage Vi 0.7 Vpp — e \'

Low Level Input Voltage V. — — 0.3 Vpp \'%

High Level Output Voltage Von 4.1 = — \Y lop = -1 mA, Vg = 4.5V

Low Level Output Voltage Voo — — 0.4 \" lop =1 mA, Vg = 4.5V

Input Leakage Current Iy -10 — 10 HA | Viy=VggorVpp

Output Leakage Current ho -10 — 10 HA | Vour = Vgs OF Vg

Pin Capacitance Civi Cour — — 10 pPF | Vpp =5.0V (Note 1)

(all inputs/outputs) Tavs = 25°C, f=1 MHz

Timing Parameters:

Clock Frequency foik — — 2.8 MHz |Vpp = 5V (Note 3)
1.05 MHz |V, =2.7V (Note 3)

Clock High Time ity 160 — = ns

Clock Low Time o 160 — -3 ns

CS Fall To First Rising CLK Edge| tsucs 100 — — ns o

CLK Fall To Output Data Valid o, — — 125 ns | Vpp =5V, See Figure 1-2
200 ns | Vpp=2.7, See Figure 1-2

CLK Fall To Output Enable ten o — 125 ns |Vpp =5V, See Figure 1-2
200 ns | Vpp =27, See Figure 1-2

CS Rise To Output Disable tois — — 100 ns See test circuits, Figure 1-2

(Note 1)
CS Disable Time T 350 = i ns
Dour Rise Time tr — — 100 ns | See test circuits, Figure 1-2
(Note 1)
Dgyr Fall Time i — — 100 ns | See test circuits, Figure 1-2

(Note 1)

Note 1: This parameter is guaranteed by characterization and not 100% tested.
2: See graph that relates linearity performance to Vier level.

3: Because the sample cap will eventually lose charge, clock rates below 10 kHz can affect linearity perfor-
mance, especially at elevated temperatures.

© 2001 Microchip Technology Inc.
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MCP3001

All parameters apply at Vp, = 5V, Vg = 0V, Vrer = 5V, Tays = -40°C to +85°C, fsampLe = 200 ksps and fq « = 14*fgapie
unless otherwise noted. Typical values apply for V= 5V, Tae =25°C, unless otherwise noted.

Parameter | Sym I Min l Typ l Max l Units ‘ Conditions
Power Requirements:
Operating Voltage Voo 27 — 5.5 \
Operating Current lop — 400 500 MA | Vpp = 5.0V, Dgyr unloaded
210 BA | Vpp = 2.7V, Doy unloaded
Standby Current 652 — 0.005 2 HA {CS=Vyy=50V

Note 1: This parameter is guaranteed by characterization and not 100% tested.
2: See graph that relates linearity performance to Vier level.

3: Because the sample cap will eventually lose charge, clock rates below 10 kHz can affect linearity perfor-
mance, especially at elevated temperatures.

CLK

te
I‘- s =] |
HI-Z

Bour I\ NulBIT £ MSB ouT e’ (sgdm) R8Iz
FIGURE 1-1:  Serial Timing.

e
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MCP3001

Load circuit for tg, te, ty,

1.4V

3 kQ Test Point
‘O

C.=30pF

Ao

Voltage Waveforms for tg, t.

------ e
______ T VOL

Voltage Waveforms for tyg

Load circuit for ty,g and tgy

Test Point

Voo tois Waveform 2

3kQ Vo2

Dair O—— tgy Waveform

_T—SO pF (/) this Waveform 1
e SS

Voltage Waveforms for tg,

cs

1 2 3 4
CLK
Dour H_/@

tEN
Voltage Waveforms for ty g
cs :H;.‘
Dour +90%

Waveform 1* ¥

tms
D ouT 7@

0
Waveform 2t

* Waveform 1 is for an output with internal condi-
tions such that the output is high, unless disabled
by the output control.

1 Waveform 2 is for an output with intemal condi-
tions such that the output is low, unless disabled
by the output control.

FIGURE 1-2: Test Circuits.

© 2001 Microchip Technology Inc.
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"MCP3001

2.0 TYPICAL PERFORMANCE CHARACTERISTICS

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of

- samples and are provided for informational purposes only. The performance characteristics listed herein

are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.
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FIGURE 2-1: Integral Nonlinearity (INL) vs. Sample
Rate.

FIGURE 2-4:  Integral Nonlinearity (INL) vs. Sample
Rate (Vpp = 2.7V).
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1.0 1

08 Voo = VRer= 2.7V
0.6 fsampLe = 75 ksps
RPN

Positive INL 1
02 P vy ——{
0.0
0.2
-0.4 > Negative INL
-0.6
-0.8
-1.0

INL (LSB)

e

0.0 0.5 1.0 1.5 2.0 25

Vre (V)

FIGURE 2-5: Integral Nonlinearity (INL) vs. Viee
(Voo = 2.7V).

—

0.5 ——
0.4 Voo = Vrer = 5V

0.3 1-fsavpLe = 200 ksps

0.2 | ‘
0.1 1 =t
0.0 1 [
0.1

)

w

=

|

= :
0.2 1
03 |
0.4 J
05 —

0 128 256 384 512 640 768 896 1024

Digital Code

FIGURE 2-3: Integral Nonlinearity (INL) vs. Code
(Representative Part).

080T—p—tty

0.40 +-Voo = Vrer = 2.7V .

0.30 1 fsavpLe = 75 ksps =

0 f

S |

m 0.10 1
Gh e At AT

s = AT TWIET MY

& |

.7 20ia0 k! !

20.30 s

-0.40 *}’

-0.50 —

0 128 256 384 512 640 768 896 1024

Digital Code

FIGURE 2-6: Integral Nonlinearity (INL) vs. Code
(Representative Part, Vop =2.7V).

DS21293B-page 6

© 2001 Microchip Technology Inc.



MCP3001

Note: Unless otherwise indicated, Voo = Vier =5V, foampie = 200 ksps, fok = 14*Sample Rate, T, = 25°C
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Note: Unless otherwise indicated, V,,, = Vieer = 5V, fsampre = 200 ksps, foy = 14*Sample Rate,T, = 25°C
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Note: Unless otherwise indicated, V5 = Ve = 5V, fsampLe = 200 ksps, f,« = 14*Sample Rate,T, = 25°C
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Note: Unless otherwise indicated, V, = Vieer = 5V, fsampie = 200 ksps, fg,c = 14*Sample Rate, T, = 25°C
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Note: Unless otherwise indicated, Vpp = Veer = 5V, foapre = 200 ksps, fok = 14*Sample Rate, T, = 25°C
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Note: Unless otherwise indicated, V, = Veer = 5V, fsampie = 200 ksps, fo« = 14*Sample Rate,T, = 25°C

60 - ) ST T
Vrer = CS = Vpp / 120 T T
50 - T 181 Voo = Veer =5V
516
40 | E 14
o L—"] S 1.2 -
< s 1
N = =10
8 3 o8
20 £ 06
S o4
10 g 02
< o0 |
0 -50 25 0 25 50 75 100
20 25 3.0 35 4.0 45 5.0 55 6.0
Voo (V) L Temperature (°C)
FIGURE 2-37: Iyps vs. Vi, FIGURE 2-39: Analog Input Leakage Current vs.
Temperature.
100.00 e
T | _| 5]
Voo = Vger = CS = 5V
10.00 3 /'
< ' /
£ 1m0
23
]
0.10 //
0.01
-50 -25 0 25 50 75 100
Temperature (°C)

FIGURE 2-38: |,,g vs. Temperature.

yoe

DS21293B-page 12 © 2001 Microchip Technology Inc.




MCP3001

3.0 PIN DESCRIPTIONS
3.1 IN+

Positive analog input. This input can vary from IN- to
Veer + IN-.

3.2 IN-

Negative analog input. This input can vary £100 mVvV
from Vgg.

3.3  CS/SHDN(Chi wn

The CS/SHDN pin is used to initiate communication
with the device when pulled low and will end a conver-
sion and put the device in low power standby when
pulled high. The CS/SHDN pin must be pulled high
between conversions.

3.4 CLK (Serial Clock)

The SPI clock pin is used to initiate a conversion and to
clock out each bit of the conversion as it takes place.
See Section 6.2 for constraints on clock speed.

3.5 Dour (Serial Data outp t)

The SPI serial data output pin is used to shift out the
results of the A/D conversion. Data will always change
on the falling edge of each clock as the conversion
takes place.

4.0 DEVICE OPERATION

The MCP3001 A/D converter employs a conventional
SAR architecture. With this architecture, a sample is
acquired on an internal sample/hold capacitor for
1.5 clock cycles starting on the first rising edge of the
serial clock after CS has been pulled low. Following this
sample time, the input switch of the converter opens
and the device uses the collected charge on the inter-
nal sample and hold capacitor to produce a serial 10-
bit digital output code. Conversion rates of 200 ksps
are possible on the MCP3001. See Section 6.2 for
information on minimum clock rates. Communication
with the device is done using a 3-wire SPI-compatible
interface.

4.1 nalog Inputs

The MCP3001 provides a single pseudo-differential
input. The IN+ input can range from IN- to (Vrer tIN-).
The IN- input is limited to £100 mV from the Vg rail.
The IN- input can be used to cancel small signal com-
mon-mode noise which is present on both the IN+ and
IN- inputs.

For the A/D Converter to meet specification, the charge
holding capacitor, Cgaye e« Must be given enough time
to acquire a 10-bit accurate voltage level during the
1.5 clock cycle sampling period. The analog input
model is shown in Figure 4-1.

In this diagram, it is shown that the source impedance
(Rs) adds to the internal sampling switch, (Rgs) imped-
ance, directly affecting the time that is required to
charge the capacitor, Cgayp - Consequently, a larger
source impedance increases the offset, gain, and inte-
gral linearity errors of the conversion.

Ideally, the impedance of the signal source should be
near zero. This is achievable with an operational ampl-
fier such as the MCP601, which has a closed loop out-
put impedance of tens of ohms. The adverse affects of
higher source impedances are shown in Figure 4-2.

If the voltage level of IN+ is equal to or less than IN-,
the resultant code will be 000h. If the voltage at IN+ is
equal to or greater than {[Vgee + (IN-)] - 1 LSB}, then the
output code will be 3FFh. If the voltage level at IN- is
more than 1 LSB below Vg, then the voltage level at
the IN+ input will have to go below Vg to see the 000h
output code. Conversely, if IN- is more than 1 LSB
above Vss, then the 3FFh code will not be seen unless
the IN+ input level goes above Vg, level.

4.2 Reference Input

The reference input (Vger) determines the analog input
voltage range and the LSB size, as shown below.

As the reference input is reduced, the LSB size is
reduced accordingly. The theoretical digital output code
produced by the A/D Converter is a function of the ana-
log input signal and the reference input as shown
below.

1024%V,,,
Digital Output Code = —— 2

REF

where:
Vv = analog input voltage = V(IN+) - V(IN-)
Vrer = reference voltage

When using an external voltage reference device, the
system designer should always refer to the manufac-
turer’s recommendations for circuit layout. Any instabil-
ity in the operation of the reference device will have a
direct effect on the operation of the ADC.

© 2001 Microchip Technology Inc.
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VA = signal source
Rss = source impedance
CHx = input channel pad
Cpn = input pin capacitance
V; = threshold voltage
lleakace = leakage current at the pin
due to various junctions
SS = sampling switch
Rs = sampling switch resistor
Csampie = sample/hold capacitance
FIGURE 4-1:  Analog Input Model.
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FIGURE 4-2: Maximum Clock Frequency vs. Input

Resistance (Rg) to maintain less than a 0.1LSB
deviation in INL from nominal conditions.
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MCP3001

5.0 SERIAL COMMUNICATIONS

Communication with the device is done using a stan-
dard SPI compatible serial interface. Initiating commu-
nication with the MCP3001 begins with the CS going
low. If the device was powered up with the CS pin low,
it must be brought high and back low to initiate commu-
nication. The device will begin to sample the analog
input on the first rising edge after CS goes low. The
sample period will end in the falling edge of the second
clock, at which time the device will output a low null bit.
The next 10 clocks will output the result of the conver-
sion with MSB first, as shown in Figure 5-1. Data is
always output from the device on the falling edge of the
clock. If all 10 data bits have been transmitted and the

device continues to receive clocks while the CS is held
low, the device will output the conversion result LSB
first, as shown in Figure 5-2. If more clocks are pro-
vided to the device while CS is still low (after the LSB
first data has been transmitted), the device will clock
out zeros indefinitely.

Ifitis desired, the CS can be raised to end the conver-
sion period at any time during the transmission. Faster
conversion rates can be obtained by using this tech-
nique if not all the bits are captured before starting a
new cycle. Some system designers use this method by
capturing only the highest order 8 bits and ‘throwing
away’ the lower 2 bits.

1 t'Z?YC

|
s

tosn ]
—

_’I "— tsucs

|

CLK ‘ : LI

Power
Down

t, AMPLE | tCONV

A
| 1 tDATA"

Ouv - 8 m o) ) B2 \8o o 7

* After completing the data transfer, if further clocks are applied with CS low, the ADC will output LSB first data,
followed by zeros indefinitely. See Figure below.

™ toara: during this time, the bias current and the comparator powers down and the reference input becomes a
high impedance node.

FIGURE 5-1:  Communication with MCP3001 (MSB first Format).

t()Y(':

o S 22
CS _]

_.l r._ (s ‘ ; Power Down

CLK LTLA z

tSAMPLEI i tCONV l

|
**
tDATA |

i NU =
Pour —HE5—aos)oer)(es|s[o4 os oz rfeolero2 5 oo ae )2

* After completing the data transfer, if further clocks are applied with CS low, the ADC will output zeros indefi-
nitely.

" toara: during this time, the bias current and the comparator powers down and the reference input becomes a
high impedance node leaving the CLK running to clock out the LSB-first data or zeros.

FIGURE 5-2:  Communication with MCP3001 (LSB first Format).

6.0 APPLICATIONS INFORMATION

© 2001 Microchip Technology Inc.
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6.1 Using the MCP3001 with
icr ntr PI P

With most microcontroller SPI ports, it is required to
clock out eight bits at a time. If this is the case, it will be
necessary to provide more clocks than are required for
the MCP3001. As an example, Figure 6-1 and
Figure 6-2 show how the MCP3001 can be interfaced
to a microcontroller with a standard SPI port. Since the
MCP3001 always clocks data out on the falling edge of
clock, the MCU SPI port must be configured to match
this operation. SPI Mode 0,0 (clock idles low) and SPI
Mode 1,1 (clock idles high) are both compatible with
the MCP3001. Figure 6-1 depicts the operation shown
in SPI Mode 0,0, which requires that the CLK from the
microcontroller idles in the ‘low’ state. As shown in the
diagram, the MSB is clocked out of the ADC on the fall-
ing edge of the third clock pulse. After the first eight
clocks have been sent to the device, the microcontrol-
ler’s receive buffer will contain two unknown bits (the

outputis at high impedance for the first two clocks), the
null bit and the highest order five bits of the conversion.
After the second eight clocks have been sent to the
device, the MCU receive register will contain the lowest
order five bits and the B1-B4 bits repeated as the ADC
has begun to shift out LSB first data with the extra
clocks. Typical procedure would then call for the lower
order byte of data to be shifted right by three bits to
remove the extra B1-B4 bits. The B9-B5 bits are then
rotated 3 bits to the right with B7-B5 rotating from the
high order byte to the lower order byte. Easier manipu-
lation of the converted data can be obtained by using
this method.

Figure 6-2 shows SPI Mode 1,1 communication which
requires that the clock idles in the high state. As with
mode 0,0, the ADC outputs data on the falling edge of
the clock and the MCU latches data from the ADC in on
the rising edge of the clock.

=

MCU latches data from ADC

CLK

iy 420t §F LI t

on rising edges of SCLK

e & Data is docked out of

ADC on falling edges

HI-Z NUL g4\ HI-Z
Oun es o) el eees)_oe (e ea)or)eo oo

LSB first data begins
to come out

[72]2 ko |89]B¢3]B7|Bsm [m[aa[sz]m]eo[m]ez]sﬂ
4 || Al

Data stored into MCU receive register
after transmission of first 8 bits

Data stored into MCU receive register
after transmission of second 8 bits

FIGURE 6-1:  SPI Communication with the MCP3001 using 8-bit segments (Mode 0,0: SCLK idles low).

MCU latches data from ADC

on rising edges of SCLK

o

Data is clocked out of

ADC on falling edges

LSB first data begins
to come out

L?]?]O]Bgles[mlealas] >B4]B3IBZIB1]BOIB1|BZIB3_]
[ J

E

J

Data stored into MCU receive register
after transmission of first 8 bits

Datastored into MCU receive register
after transmission of second 8 bits

FIGURE 6-2: SPI Communication with the MCP3001 using 8-bit segments (Mode 1,1: SCLK idles high).
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6.2 Maintaining Minimum Clock Speed

When the MCP3001 initiates the sample period, charge
is stored on the sample capacitor. When the sample
period is complete, the device converts one bit for each
clock that is received. It is important for the user to note
that a slow clock rate will allow charge to bleed off the
sample cap while the conversion is taking place. At
85°C (worst case condition), the part will maintain
proper charge on the sample cap for 700 ps at
Voo = 2.7V and 1.5 ms at V, = 5V. This means that at
Vop = 2.7V, the time it takes to transmit the first 14
clocks must not exceed 700 ps. Failure to meet this cri-
terion may induce linearity errors into the conversion
outside the rated specifications.

6.3 ring/Filteri nal

If the signal source for the ADC is not a low impedance
source, it will have to be buffered or inaccurate conver-
sion results may occur. See Figure 4-2. It is also rec-
ommended that a filter be used to eliminate any signals
that may be aliased back into the conversion results.
This is illustrated in Figure 6-3 where an op amp is
used to drive, filter and gain the -analog input of the
MCP3001. This amplifier provides a low impedance
source for the converter input and a low pass filter,
which eliminates unwanted high frequency noise.

Low pass (anti-aliasing) filters can be designed using
Microchip's interactive FilterLab™ software. FilterLab
will calculate capacitor and resistor values, as well as
determine the number of poles that are required for the
application. For more information on filtering signals,
see the application note AN699 “Anti-Aliasing Analog
Filters for Data Acquisition Systems.”

4.096V i

Reference L

FIGURE 6-3: The MCP601 operational amplifier is
used to implement a 2nd order anti-aliasing filter for
the signal being converted by the MCP3001.

6.4 Layout Considerations

When laying out a printed circuit board for use with
analog components, care should be taken to reduce
noise wherever possible. A bypass capacitor should
always be used with this device and should be placed
as close as possible to the device pin. A bypass capac-
itor value of 1 uF is recommended.

Digital and analog traces should be separated as much
as possible on the board and no traces should run
undemeath the device or the bypass capacitor. Extra
precautions should be taken to keep traces with high
frequency signals (such as clock lines) as far as possi-
ble from analog traces.

Use of an analog ground plane is recommended in
order to keep the ground potential the same for all
devices on the board. Providing Vy, connections to
devices in a “star” configuration can also reduce noise
by eliminating current retum paths and associated
errors. See Figure 6-4. For more information on layout
tips when using ADC, refer to AN-688 “Layout Tips for
12-Bit A/D Converter Applications”.

VDD
Connection

Device 1

FIGURE 6-4:  V, traces arranged in a ‘Star’
configuration in order to reduce erors caused by
current return paths.

© 2001 Microchip Technology Inc.
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7.0 PACKAGING INFORMATION

71 Pack rking Infor

ILLUSTRATIONS NOT TO SCALE

8-Lead PDIP (300 mil) Example:
P:6:0:0:0.0 0:0'¢ MCP3001
XXXXXNNN I/PNNN
o Byvww o rvwn
P [ v e e R e JEE P e e e
8-Lead SOIC (150 mil) Example:
XXXXXXXX MCP3001
XXXXYYWW ISNYYWW
o mw o mw
8-Lead MSOP Example:
C xXEXXX 3 [ B10°0 4L [
C— ywwnnn [ Cl YWWNNN |3
[Ees] 1 71 [7 17 [T ]
(| @ o= e @ ®
8-Lead TSSOP Example:
— XXXX = — e008 [==
e Yyww B O Tyww [
ey — =) Er ] I —
NNN [ ﬁ\ NNN -~ F—

Legend: XX..X Customer specificinformation*

-

YoY: Year code (last 2 digits of calendar year)
Ww Week code (week of January 1 is week ‘01 B}
NNN Alphanumeric traceability code

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line thus limiting the number of available characters

for customer specific information.

* Standard device marking consists of Microchip part number,

year code, week code, and traceability
code.

DS21293B-page 18 © 2001 Microchip Technology Inc.
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8-Lead Plastic Dual In-line (P) — 300 mil (PDIP)

e E1——f

BLE L e

R e

D
n O 1
E
! J
[®
C Al t
B
eB
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 8 8
Pitch p .100 2.54
Top to Seating Plane A .140 .165 170 3.56 3.94 4.32
Molded Package Thickness A2 115 .130 145 292 3.30 3.68
Base to Seating Plane Al .015 0.38
Shoulder to Shoulder Width E .300 313 .325 7.62 7.94 8.26
Molded Package Width E1 .240 .250 .260 6.10 6.35 6.60
Overall Length D .360 .373 .385 9.14 9.46 9.78
Tip to Seating Plane L 125 .130 136 3.18 3.30 3.43
Lead Thickness : c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width B1 .045 .058 .070 1.14 1.46 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing §| eB .310 .370 430 7.87 9.40 ~T10.92
Mold Draft Angle Top a 5 10 15 5 10 15
Mold Draft Angle Bottom g g 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed

.010" (0.254mm) per side.
JEDEC Equivalent: MS-001
Drawing No. C04-018

© 2001 Microchip Technology Inc.
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8-Lead Plastic Small Outline (SN) — Narrow, 150 mil (solc)

P
i o
j‘: B2
B n 1
h a '—\
45%
/ N AN
c /
b A AD \
f A M f
B L A1
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 8 8
Pitch P .050 1.27
Overall Height A .053 .061 .069 1.39 1.55 78
Molded Package Thickness A2 .052 .056 .061 1:32 1.42 .65
Standoff § A1 .004 .007 .010 0.10 0.18 0.25
Overall Width E .228 237 .244 5.79 6.02 6.20
Molded Package Width E1 146 154 157 3.71 3.91 3.99
Overall Length : D .189 .193 197 4.80 4.90 5.00
Chamfer Distance h .010 .015 .020 0.25 0.38 0.51
Foot Length L 019 .025 .030 0.48 0.62 0.76
Foot Angle f 0 4 8 0 4 —
Lead Thickness c .008 .009 .010 0.20 0.23 0.25
Lead Width B .013 .017 .020 0.33 0.42 0.51
Mold Draft Angle Top a 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15

* Gontroliing Pyrametar
iiiﬂnmmi Gharacteristic

u[g‘m?risipn' P and F1do not inclydg mold flash or protrusions. Mold flash or protrusions shall not exceed
010" (0-264mm) per §idp.

JEDEC Equivalent MS-01¢

Drawing No- Q04-Qf

DS21293B-page 20 © 2001 Microchip Technology Inc.
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8-Lead Plastic Micro Small Outline Package (MSOP)

D
e 2
B
Kl: 1
A
L ]
¢ }_ J o
(F) L
B~
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 8 8
Pitch P .026 0.65
Overall Height A .044 1.18
Molded Package Thickness A2 .030 .034 .038 0.76 0.86 0.97
Standoff § Al .002 .006 0.05 0.15
Overall Width E .184 5193 .200 4.67 4.90 .5.08
Molded Package Width E1 114 118 122 2.90 3.00 3.10
Overall Length D A14 A48 122 2.90 3.00 3.10
Foot Length L .016 .022 .028 0.40 0.55 0.70
Footprint (Reference) F .035 037 .039 0.90 0.95 1.00
Foot Angle [} 0 6 0 6
Lead Thickness c .004 .006 .008 0.10 01 5% 4 0.20
Lead Width B .010 012 .016 0.25 0.30 0.40
Mold Draft Angle Top (23 7 7.
Mold Draft Angle Bottom B 7 7

*Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions.

exceed .010" (0.254mm) per side.

Drawing No. C04-111

Mold flash or protrusions shall not

© 2001 Microchip Technology Inc.
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8-Lead Plastic Thin Shrink Small Outline (ST) - 4.4 mm (TSSOP)

I

Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 8 8

Pitch P .026 0.65

Overall Height A .043 1.10
Molded Package Thickness A2 .033 .035 .037 0.85 0.90 0.95
Standoff § A1 002 .004 .006 0.05 0.10 0.15
Overall Width E 246 .251 .256 6.25 6.38 6.50
Molded Package Width E1 .169 173 Mg 4.30 4.40 4.50
Molded Package Length D 114 .118 122 2.90 3.00 3.10
Foot Length | .020 .024 .028 0.50 0.60 0.70
Foot Angle f 0 4 8 0 4 8
Lead Thickness c .004 .006 .008 0.09 0.15 0.207T—
Lead Width B .007 .010 .012 0.19 0.25 0.30
Mold Draft Angle Top a 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.005" (0.127mm) per side.

JEDEC Equivalent: MO-153

Drawing No. C04-086
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ON-LINE SUPPORT

Microchip provides on-line support on the Microchip
World Wide Web (WWW) site.

The web site is used by Microchip as a means to make
files and information easily available to customers. To
view the site, the user must have access to the Intemet
and a web browser, such as Netscape or Microsoft
Explorer. Files are also available for FTP download
from our FTP site.

Connectingtothe Microchip Internet Web Site
The Microchip web site is available by using your
favorite Intemet browser to attach to:
www.microchip.com
The file transfer site is available by using an FTP ser-
vice to connect to:
ftp://ftp.microchip.com

The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User's Guides, Articles and Sample Programs. A vari-
ety of Microchip specific business information is also
available, including listings of Microchip sales offices,
distributors and factory representatives. Other data
available for consideration is:

* Latest Microchip Press Releases

* Technical Support Section with Frequently Asked
Questions

* Design Tips

* Device Errata

* Job Postings

* Microchip Consultant Program Member Listing

* Links to other useful web sites related to
Microchip Products

+ Conferences for products, Development Systems
technical information and more :

* Listing of seminars and events

Systems Information and Upgrade Hot Line

The Systems Information and Upgrade Line provides
system users a listing of the latest versions of all of
Microchip's development systems software products.
Plus, this line provides information on how customers
can receive any currently available upgrade kits.The
Hot Line Numbers are:

1-800-755-2345 for U.S. and most of Canada, and
1-480-792-7302 for the rest of the world.

013001

© 2001 Microchip Technology Inc.
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READER RESPONSE

Itis our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this Data Sheet.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like a reply? Y N

Device: MCP3001 Literature Number: DS21293B

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this data sheet easy to follow? If not, why?

4. What additions to the data sheet do you think would enhance the structure and subject?

5. What deletions from the data sheet could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?

8. How would you improve our software, systems, and silicon products?

DS21293B-page 24 © 2001 Microchip Technology Inc.
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, €.g., on pricing or delivery, refer to the factory or the listed sales office.

RT NO. XX
EL‘—O— Zf Examples:

Device Temperature Package a)  MCP3001-I/P: Industrial Temperature,

Range PDIP package.
b)  MCP3001-I/SN: Industrial Temperature,
SOIC package.
Device: MCP3001: 10-Bit Serial A/D Converter

c)  MCP3001-I/ST: Industrial Temperature,
TSSOP package.

d)  MCP3001-I/MS: Industrial Temperature
MSOP package.

MCP3001T: 10-Bit Serial A/D Converter
(Tape and Reel) (SOIC and TSSOP only)

Temperature Range: | -40°C to +85°C

I

Package: P = Plastic DIP (300 mil Body), 8-lead
SN = Plastic SOIC (150 mil Body), 8-lead
MS = Plastic Micro Small Outline (MSOP), 8-lead
ST = Plastic TSSOP (4.4 mm), 8ead

Sales and Support
Data Sheets

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. Your local Microchip sales office

2. The Microchip Corporate Literature Center U.S. FAX: (480) 792-7277
3. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.

© 2000 Microchip Technology Inc. DS21293B-page25
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NOTES:
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Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. Itis your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.

DNV MSC
The Netherlands
Accredited by the RVA

DNV (
No=r

1SO 9001 / QS-9000
REGISTERED FIRM

DNV Certification, Inc.
USA

ANS|-RAB
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*
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~
=
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Trademarks

The Microchip name and logo, the Microchip logo, PIC, PICmicro,
PICMASTER, PICSTART, PRO MATE, KeeLoa, SEEVAL,
MPLAB and The Embedded Control Solutions Company are reg-
istered trademarks of Microchip Technology Incomporated in the
U.S.A. and other countries.

Total Endurance, ICSP, In-Circuit Serial Programming, Filter-
Lab, MXDEV, microlD, FlexROM, ' fuzzyl AB, MPASM,
MPLINK, MPLIB, PICC, PICDEM, PICDEM.net, ICEPIC,
Migratable Memory, FanSense, ECONOMONITOR, Select
Mode and microPort are trademarks of Microchip Technology
Incorporated in the U.S.A.

Serialized Quick Term Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2001, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

Q Printed on recycled paper.

Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizona in July 1999. The
Company'’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMSs and microperipheral
products. In addition, Microchip's quality
system for the design and manufacture of
development systems is ISO 9001 certified.

© 2001 Microchip Technology Inc.
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Tel: 480-792-7200 Fax: 480-792-7277
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Web Address: http://www.microchip.com
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HIGH VOLTAGE

PHOTOTRANSISTOR OPTOCOUPLERS

DESCRIPTION

The H11DX and 4N38 are
diode manufactured from s
NPN silicon phototransisto

FEATURES

* High Voltage
- H11D1, H11D2, BV g = 300 V
- H11D3, H11D4, BV gk = 200 V

* High isolation voltage
- 5300 VAC RMS - 1 minute
- 7500 VAC PEAK - 1 minute

* Underwriters Laboratory (UL) recognized File# E90700

ANODE i}

APPLICATIONS

CATHODE E

6] BASE

B COLLECTOR

phototransistor-type optically coupled optoisolators. An infrared emitting
pecially grown gallium arsenide is selectively coupled with a high voltage
r. The device is supplied in a standard plastic six-pin dual-in-line package.

H11D1
H11D2
H11D3
H11D4
4N38

w

+ Power supply regulators

- Digital logic inputs ne 3 L4 emirrer

* Microprocessor inputs

* Appliance sensor systems

* Industrial controls

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Units
TOTAL DEVICE

s -55 to +150 °C

Storage Temperature
‘Operating Temperature (e o G -55 to +100 T
Lead Solder Temperature e e e e °C
Total Device Power Dissipation @ Ty = 25°C : = 260 mw
B v > 35 mW/°C
EMITTER : e i
*Forward DC Current £ i
“Reverse IFput Voltage T Vr 6.0 VvV
*Forward Current - Peak (1us pulse, 300pps) Ir(pk) { 3.0 A
*LED Power Dissipation @ T = 25°C = L 150 MW
~ Derate above 25°C : D 1.41 mW/°C

8/9/00

200046A
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HIGH VOLTAGE
PHOTOTRANSISTOR OPTOCOUPLERS

%

H11D1, H11D2, H11D3, H11D4, 4N38
ABSOLUTE MAXIMUM RATINGS (Cont.)
Parameter Symbol Value Units
DETECTOR
*Power Dissipation @ T = 25°C Pp o mw
Derate linearly above 25°C 4.0 mW/°C
H11D1 - H11D2 300
*Collector to Emitter Voltage  H11D3 - H11D4 Ve 200
4N38 80
H11D1 - H11D2 300 v
*Collector Base Voltage H11D3 - H11D4 | s 200
= 4N38 80
e H11D1 - H1{D2
Emitter to Collector Voltage H11D3 <1104 Veco %
~ Collector Current (Continuous) 100 mA
ELECTRICAL CHARACTERISTICS (Ta = 25°C Unless otherwise specified.)
INDIVIDUAL COMPONENT CHARACTERISTICS
Characteristic Test Conditions | Symbol Device Min Typ** Max Unit
EMITTER
ForvariNoltoce (Ir = 10 mA) Ve ALL 1.15 15 Vv
Forward Voltage Temp. AVF %
Coefficient ATA e 17 VEC
Reverse Breakdown Voltage (lr= 10 yA) BVg ALL 6 25 Vv
, ,  (VF=0V, f= 1MH2) ALL 50 pF
Junction Capacitance (Ve =1V, = 1 MHz) C, ALL 65 PE
*Reverse Leakage Current Yy Wriew Ig ALL 0.05 10 pA
DETECTOR (Rege = 1 MQ) H11D1/2 300
*Breakdown Voltage (c = tOmA | = 0) BVger H11D3/4 200 Z
 Collector to Enmitter (NoRge) (Ic = 1.0mA) | BVgeo | 4N3B B0 S
ChaTe e Lo 00 |00
*Collector to Base (Ic =100 pA, [ =0) | BVes, | HI11D3/4 | 200 Y
ANge =0
Emitter to Base : e Tl BVEeeaE e 7 o
Erﬁ[&é??o CoIIector W (lg=100 A, = 0) BVeco ALL 7 10
= e (Vee =200V, Ig =0, Ta = 25°C) 100 nA
*Leakage Current TVC'ETEOO V, Ig =0, To= 100°C) Sl 250 uA
Collector to Emitter " (Vee=100V, IF =0, Ta=25°C) | lcer 100 A
(Ree = 1 MQ) (Voe = 100V, Ip = 0, Ta = 100°C) biibsi 250 VA
(No Reg) (Vce =60 V. Ir =0, To = 25°C) | leeo ~ 4N38 AE 50 nA
Notes
* Parameters meet or exceed JEDEC registered data (for 4N38 only)
** All typical values at T, = 25°C
8/9/00 200046A
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HIGH VOLTAGE

PHOTOTRANSISTOR OPTOCOUPLERS

\

H11D1, H11D2, H11D3, H11D4, 4N38

| TRANSFER CHARACTERISTICS

DC Characteristic Test Conditions | Symbol Device Min Typ** Max Unit
| EMITTER H11D1
Current Transfer Ratio Jr =10 MA Ve S101) e e ey
, (Ree =1MQ) | CTR H11D3 mA (%)
Collector to Emitter H11D4 110
(IF=10mA, Vo =10 V) 4N38 2 (20)
(I =10 ppmSS ey H11D1/2/3/4 0.1 0.40
*Saturation Voltage (Rge =1 MQ) | Ve (SAT) Y
7 (e = 20 mA, Ig = 4 mA) 7 AN38 N 1.0

TRANSFER CHARACTERISTICS

Characteristic Test Conditions | Symbol | Device Min Typ** Max Unit

SWITCHING TIMES :
Non-Saturated Turn-on Time (Vopsdd Villee 2vma) fon K] \ us
~ Turn-off Time T, (R_= 100 Q) R ALL 5
ISOLATION CHARACTERISTICS
Characteristic Test Conditions | Symbol | Device Min Typ** Max Unit
, : 5300 (VacRMS)

Isolation Voltage (io=1uA tmin) | Vg ALL 7500 (VAcPEAK)
Isolation Resistance (V1.0 = 500 VDC) Riso ALL 101 Q
Isolation Capacitance (f=1MHz) Ciso ALL 0.5 pF

{otes

* Parameters meet or exceed JEDEC reglstered data (for 4N38 only)

** All typical values at T, = 25°C

Fig.1 LED Forward Voltage vs. Forward Current
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Fig.2 Normalized Output Characteristics

= : T Nomeized tor j{#ﬁ
z ATl ] Ve =10V S5kl
e J IF=10 mé\ £
o L SERr - Rpe= 1060 se—
a fjji =1 *i:r»;}%;;::;_‘ VT/[‘!\:ZSC g:é%: e |
= T T Ir =50 mA N =]
> I »
5 |
3 = —
o i
& |
3 IEEE
N e
e |
<
=
= B
o
b4 % =)
100
VcE - COLLECTOR VOLTAGE V)
8/9/00 200046A



FAIRCHILD

SEMICONDUCTOR

NORMALIZED Icgr - OUTPUT CURRENT

NORMALIZED Icgg - DARK CURRENT

Fig.3 Normalized Output Current vs. LED Input Current

10

[~ Normalized to:
- Vee=10Vv
= lF =10 mA

— Rge=106Q
TA=25C

01—~

0.01

10
IF -LED INPUT CURRENT (mA)

Fig.5 Normalized Dark Current vs. Ambient Temperature
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NORMALIZED Icgo - COLLECTOR-BASE CURRENT

HIGH VOLTAGE

PHOTOTRANSISTOR OPTOCOUPLERS

H11D1, H11D2, H11D3, H11D4, 4N38

Fig.4 Normalized Output Current vs. Temperature

T
Normalized to:
Veg =10V |
IF=10mA

Rge = 106 Q
Tp=25C 1

-60 -40 -20 0 20 40 60 80 100
Ta- AMBIENT TEMPERATURE (°C)

Normalized Collector-Base Current vs. Temperature
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T
Normalized to:
Vee=10V
IF =10 mA
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0.270(6.86)
0.240/6.10)
e me il I
E 0.350 (8.89)
z 03308381
©
&
= 0.070{1.78)
by 0.045(1.14) I‘
]
f E
0.200(5.08)
0.1353.43)

0.1543.50)
0.100 (2.54)

LOSS)“J [‘
0016\041] 2

0.100 (2.54)
TYP

0.020(0.51)
MIN

0.016 {0.A0)

[ 0.008 0.20) )~

0,300 7.62
00157 a4

|
|

H11D1, H11D2, H11D3, H11D4, 4N38

_Package Dimensions (Surface Mount)

0350 (8.89)
0.330 (8.38)

A A

0.070 (1.78) 0.300 (7.62)
‘) T“ 0.045 (1.14) TIP ]

e
T (i?g\\ 0016 (0.41)
0.008 (0.20)
0. 020 (0 51) } _f—
0.022 (0.56) JL "’J Lv 0.016 (0.40Y MIN
0.016 (0.41) 0!&(254\ 0.315(8.00)

0.405 (10.30)
MAX

Lead Coplanarity : 0.004 (0.10) MAX

0.270 (6.86)
0.240 (6.10)

0.350 (8.89)
Q2R (R,

Recommended Pad Layout for
- 'Surface Mount Leadform

W ’-— 0.070 (1.78)

e

[" iy I:] II] l] R

ok

0.100 (2.54) ,Lﬁ gﬂ

|
- 0.415 (10.54)
o sociin—— |- I 0205 (7.49) 2
;“ ‘ ‘ ‘ - - —=| =~ 0.030 (0.76)
a
%: 0.200 (5.08) ow;((:\ e ! ! ]
=1 0:435 (JLJ[ |
| 1 | e
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B L e
O 54 f2) BT s o
200 ! i 200 -
! ‘; | = |
0022 (0551 | ‘ 015" —ol
0018 (043 1‘%‘ l 0400 (*0.1 _J
—-{ l—-—fO 100 (2.54) TYF i- N TYP |
NOTE

All dimensions are in inches (millimeters)
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= A,RCH,LD? HIGH VOLTAGE

R

o PHOTOTRANSISTOR OPTOCOUPLERS
SEI\/HDDNDL_JDTDFE'
\

H11D1, H11D2, H11D3, H11D4, 4N38

ORDERING INFORMATION

Option Order Entry Identifier Description
S S Surface Mount Lead Bend
SD Bl - SD Surface Mount; Tape and reel
g W W 0.4” Lead Spacing
300 B VDE 0884
R e 300w VDE 0884, 0.4 Lead Spacing
g 3s e S s  VDE 0884, Surface Mount
3SD — .3SD VDE 0884, Surface Mount, Tape & Reel

be’Cérrief Tape ‘Spec'iﬂ‘cationsi(“»‘D"?_,"l"apin'gi Orientation) -

12.0£0.1
r4.35iu20
40401 ] 21.55 £ 0.05
0.30 £ 0.05 4.0+0.1 j r ;_1.75:0.10
O%QilY% op o o (S o O, O“ﬁ
> = = ‘[ 7.5+ 0.1
132402 feozas
g i E E I % 955+0.20 ’

H\ 1 |
1 1 B
0.1 MAX 10.3010.20—[————.-4 T—m.axm

User Direction of Feed

IOTE =

Il dimensions are in millimeters
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HIGH VOLTAGE
o PHOTOTRANSISTOR OPTOCOUPLERS
:EI\/HGCJNDI_JF“TC)F?

e

H11D1, H11D2, H11D3, H11D4, 4N38

JRDERING INFORMATION

Option Order Entry Identifier Description
S S Surface Mount Lead Bend
SD .SD Surface Mount; Tape and reel
w ; ' W 0.4” Lead Spacing
B e, VDE 0884
[ 300w o) .300W VDE 0884, 0.4" Lead Spacing
isﬁ o e 35 ‘{ VDE 0884, Surface Mount

3SD .3SD VDE 0884, Surface Mount, Tape & Reel

QT Carrier Tape pecifications (“D” Taping Orientation)

12.0 0.1
f~—4.85 £ 0,20
4001 - ©1.55 + 0.05
0.30£0.05 4.0:01 ‘-} r / }_1_7510.10
O Wilag 0 %0 o o 6 (o] O, Oﬁ——*—
= e = T 75£04
ok {160+03
IE‘ i E E E I N ‘\ 9554020 J

\ 0.1 MAX 10.30 £ 0.20

User Direction of Feed

—
‘\—01.610.1

Il

OTE ik

I dimensions are in millimeters

8/9/00  200046A



HIGH VOLTAGE
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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 SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (c) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com © 2000 Fairchild Semiconductor Corporation
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