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Controlling EMI in the stepping motor driver circuit by design
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Controlling EMI in the stepping motor driver circuit by design
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Abstract

This project concerns how to design and reduce noise in stepping motor driver
circuit that we can control speed to high frequency for show the noise or EMI , and solve
this problem noise by using push pull method for reduce slope of output current or
reduce current spice that is EMI so that noise in electronics circuit can be solved. The
stepping motor is controlled by input pulse sequential. From the test results of this motor
has response in low frequency so we change to use from transistor circuit to power
mosfet circuit but test single phase specially to increase speed to high frequency for

reducing noise.
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2001703715 1558303
Stopped

4

15

NORM 10ms /div

(10ms/div)

* 60.98Hz

-.10.22V....... . Rise . .100.0us
: Duty' 75.6%

CHT: ON
5V /div 1:1
DC 0.0ov

| CH2: OFF
5V /div 11
DC 0.00v

CH3: OFF
50V /div 1001
DC 0.0v

CH4: OFF
S0V /div 10:1
DC o.ov

Record Length

Main: 10K
Zoom: 10K
Filter

Smoothing: OFF
BW: FULL
Trigger

Mode: AuUToO
Type: EDGE

4 o g < g w =
71N 4.4 naanszue le vy Tumaldawemasnuuy 2 flda11um 60.98 Hz

2001703715 12:50:17 NORM  5ms/div
Stopped 4 (5ms /div)
! - 3 CH1: ON
5V /div 1:1
DC 0.00v
CH2: OFF
5V fdiv 11
DC 0.00v
CH3: OFF
50V /div 10:1
DC 0.0v
| CH4: OFF
| 50V /div 10:1
DC 0.0v

- Fall: 9.800ms

coll. PP 12,608 ... . .Rms. %,
: 25.58Hz

10. zev. ....... é..Rlse. s ?Dllms
; Duty 49.9%

Wm ™ anmwmmm@mw O

Record Length

Main: 10K

Zoom: 10K
Filter

Smoothing: OFF

BW: FULL
Trigger

Made: AUTO

Type: EDGE

Source; CH1 4

57 4.5 naasnszud Ie vouestumalaemesuuuh 2 #ldaiuid 25.58 Hz
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2001/03/07 16:37:29 NORM:100MS /s 10us /div
Stopped 3 (10us/div) .
: 5 CHT: ON
BV /div 11
DC 0.00v

CH2: OFF
SV/div 11
DC 0.00v

CH3: OFF
S0V /div 101
DC 0.0v

CH4: OFF
50V /div 101
DC 0.0v¥

Record Length

: ] L : ] A : : : Main: 10K

......... Ceeeeeeslei i | 200 10K
: : : : : : : Filter

} : : 3 : / : : Smoothing: OFF
10 AV = ... .20 D ool £ WG ™ 48 5| 0 L T (- BW: FULL

: > : 3 ; q : : Trigger
TB¥cel:-P-P---8:888Y-- .- - Rms - 6. 532¥ ----- _--Ruse 14;98_us-~- Mode: AuUTO

_F?‘_.'.!,.A.‘?A%_‘J_‘_’HS ,,,,, : VD% | Mz (N7 9. .. R 4 Type: EDGE

Source: CH1 4

= v o A Y
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2001/03/14 135812 NMORK  10us/fdiv
Stopped 4 (10us/div])

: ks : CHT Ol

- 200m¥idiv BT

| DC 0.000%

|CH2: oM

| BV fdiv 1

| CHa: Math

: TxZ

| CH4: OFF

| B0V Adiv il

DC 0.0y

Record Length

Facel:. P-P....256.0mV....... Rms. . 152.7 .. Rise . 600.0ns
e : Fall® 100.0ns @ Freqi

20.00kHz : Duty: 60.0%

| Main: 10K
Zoom: 10K
Filter
Smoothing: OFF
BW. FULL
 Trigger

| Mode: AUTO
Type: EDGE
Source: CH1 4

U

2001703414 135200 NORBLTIIRAS /s Tlus/div

517 5.4 naasdaananszudlumuanudveImsnaaaun 1

stopped o e WE B fmanen

CH2: ON
5V /div 11
DC 0.00v

CH3: Math

1x2
“41 CH4: OFF

50V /div 101
DC 0.0V

o a

U9 5.5 uansdgygnunszua useauuazmaegads lumunavesmInadeu 1

QU v
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2001703714 14:04:37 NORM  10us/div
Stopped I (10us /div)
: x e CHT: Ol
200mV fdiv @ 11
DC 0.000Y
CHZ. Ol
BV fdiv o
DC 0.00v
CH3: kath
x2
CH4: OFF
BOV /div 101
bC 0.0%
Record Length
Main: 10K
Zoom: 10K
Filter
T Smoothing: OFF
= : : 5 : i : : 5 : Trigger
Bl ace]i o P=P.. Tee Ziﬂ.ﬂnﬂ ...... e RIIIS».Z:. \ 149.9“ ...... = Rise = 2..200}.'5 ...... iMode: AUTO
Fall: 400.0ns Freq: 20.00kHz : Dutly:@ 58.4% Type: EDGE

.| Source: CH1 4

51/ 5.6 usasdananszualumunnudvesmsnagoud 2
2001703414 140051 NORKMT00MS /s T0us/div
Stopped ﬂ (10us fdiw)

B s : ; 5 = B v
............................ : CHZ: ON
L e e s R LB S e P 35, S8 e e PRt L 5V /div 11
o : - : : : DC o.00v
g e [ E e K Nkt

5 = S 11 ) 4 12

LJ ¥ e ; \—*—L—H-H-'O—H‘-ﬁ‘-ﬁ‘—"—“J ‘1 CH4: OFF

: g ; : : 50v/div - 101

: ; : : DC 0.0v
M;‘ 4 .JYE"‘W' ¥ ,{L:A. ‘.ﬂlvrf.r‘ rm

: ! § ? Recard Length

: : P 10
......... Gelsnn L e N B i s N Zeed 10K
Tracel: P-P & 248.0u¥ Rms - 149.9n%  Rise & 2.000u Filter

. Fall: 200.6ns Freq. 20.00kHz  Duty @ S8.8% Smooffing: OFF
Tggee2: PP - 12.60¥ . Rms 7 7.432¥ .1 Rise : 200.0ms BW: FULL
Fall: 2.200us Freq- 20.00kHz : : Trigger
T8%ced: -P-P- - -1:33Q¥% - - - - - Rms - 119 Zm¥z- - - - - Rise--19:00us- - - -| pioder  AUTO
o falh T Freq, 28Oz i Type:  EDGE

- : Saurce: CH1 £

3U7 5.7 uerasdgygnanszia ussauuazi

[

U

LRIGRI

o

Foluaunarvesnisnaasui 2
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Record Length

2001703714 14:12:27 NORM  10us/div
Stopped 3 (10us/div)
: : : : CHL ON
: : 200mv/div. 11
: : pC 0.000%
: : CHZ: O
: f 5V/div 1
: : DC o.00v
L5 s CHa: Math
5 Z 1x2
: : CH4: OFF
. - sov/div 1001
: : DC 0.0V
CH1=10dBV 500kHz /div

Main: 10K
90 Zoom: 10K
Filter
!J;\ ................................................................................................... Smoothing: OFF
= : : : Trigger
racel:. P=P.....232.0m¥...... .. .‘....:..Rnse N anllus ...... Mode: AuUTO
Fall: 400.0ns 6% Type: EDGE

Source: CHT1 4

51/ 5.8 uanedgananszud lumunmdyesmsnageud 3

2001/03/14 140844 HORMCI00MS/s  T0us/div
Stopped (10us£div)
ARG SD NV ORI BT Sy, TIN 48 o
100- 34 oy ey Kol S T2 e Rt (o 5V /div 11
i : : ; ; : DC 0.00V
c 1 sl sl b i
\ : 2 : ; : 1x2
P B A b o . _, ‘AcHa: OFF
; i ; ; ; ; 50V /div 10:1
R I WU iy SO A ptrineredll - o
s st paced s e
- : ] Recard [engfi
: § (YET R 10K
................... _ Zaom 10
mraom]., P-P . 240.00% Rmes + 146.%oW . Rise : 2.400us Filter
Fall 400.0as Freq. 20.00kiHz @ Duty @ 58.0% Smaothing: OFF
Tygoe2: P-P : 12.48v Rms * 7.493% Rise ' 200.0ws BW: FULL
U Falll 3.400us Freq: 20.00kHz : Trigger
T8¥ced: -P-P- - -1:060%2 - - - - - Rms - 131-. Qa2 - - - - Rise--200:as- - - -| pode: AUTO
............. Fall: 2. 4aus | Freqr 7.5z o Dpe EDGE
+ : Saurce: CHT £
719 5.9 uamsdygUnIId usadutazmdegapdelumunaivesmsnagoui 3
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+12V

2mH

bl
Ll

60

@J/\[ G([ IRF540

square wave @ 1 l Id

evg

/77

; o » 4 .
319 5.10 yransesfeenuunlimiuguaudunszuaaiuazaanieniy

@ o " A 9 a 43‘ o Y Y 2 ﬂ a
srdunariududennudiumu Rg mndudygrasuniuee Idfesasdaiud
v A o < A G @ y {
#0913 nalonesiiaunatzfiunaiesesn lifegilii 5.5, 5.7 nazgihn 5.9
o ¥ A v A 2 = A o
wedunaldsuiienrdumu Rg tudunaneuauesziiniy lannuaziioda
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vasdRulszyaioulumnesueamamemilszyasnsnid uazansalfuaawdunszud
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+12V

2mH

{ o/ 3 a
2F 4! !!ﬁﬂ\ﬂ\i‘ﬂiﬁ@ﬂﬂllUUiﬁﬂ’JUﬂNﬂ’J13J‘Imﬂ5$!!fﬂﬂ‘lllll!ﬁzﬁﬂ!!ﬂﬂﬂu

MInaneud ;ﬂﬁ AAWA LI Re (To3Tn)
1 BAJ5.5 0
] 56,5.7 100
3 58,59 200

1 1 o 3 o/
Eﬂﬁ 5.12 uﬁmmmmﬁ'mmuiummﬂﬁaumimmnﬂamw;mmumw%’anﬂu

manageudi | 3Uf | meswdwmiu Rgon (Tor) | Arram@umiu Re oft ( Tow)
4 5.14,5.15 0
5 5.16,5.17 80 100
6 5.18,5.19 160 200
7 520,521 200
8 522,523 160 0
9 524,525 40 50

{ A 4 g ' o
314 5.13 nrasaianudumulunsnageumsaiuquanusunuuiuas hindeuiu

[

P Y o o Yo o
Llli]"l’l@ﬁﬂﬂuﬂﬂ\nﬂﬁﬂluﬂlﬂmiUﬂiuuﬁ‘jﬁ]zllﬂﬁﬂgﬂﬁmﬂdiﬂﬂ 5.26 -5.30
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2001703714 12:48:02 NORM 10us/div
Stopped T (10us/div)
: = : : : i CHT ON
........ Liyedenie it ons s len i B o o - 200mMV AV T2
Tl e i D Eva DC 0.000V
- : e s 5
ar : : : £k e i dansian 5v/div 11
7 : : : : I : : : : DC 0.00v
L : 50 : : S e R e e e e Math
: : : e S L e e 1x2
......... CH4: OFF
e s RO e I
: DC n.o0v
S00kHz/div¥ | pecord Length
i — 1 10K
e s M N Zoom: 10K
; § : § Filter
Bl e S N SRUTI i SRR RPN Smoothing:  OFF
A7 : ; & : ; BW: FULL
=k : : : i : 3 : E Trigger
CE]:P—P415 ﬂmV ...... Rms;_ 155. 7lﬂv ...... Rise 100. [ll‘ls Mode: AUTO
i_l. : Fall: 100.0ns 20.00kHz : Duty: 59.6% Type: EDGE
1A S FHIEIONES, o & NG 6 i, Source: CH1 &
o B B e ke idd 'l 'y i q E. N 9
A v A =
317 5.14 wansdyananszua luamuaNdvBIMINATOUN 4
2001703714 12:44:07 NORM:100MS #s 10us/div
Stopped 4 (10us/div)
e Do e | e B S e R R o oN
100~ 5 XN e b o e NG ) R - AT 8- e 11
: an 2 : S 0.00v
Bt 2% T :w B8 ok = R LR Math
< 1x2
ar 1 CH4: OFF
; 504 /div 1001
DG 0.0v
arp™
= Record Length
: : : : i 5 : : : Main: 10K
............................. SR ST T R R e e L e e N o O R B 1 1 [ | 10K
Tracel:: P-P @ 488.0mV : Rms : 154.8mV : Rise: 200.0ns Eilter
Fall; 100.0ns . Freqi 20.00kHz : Duty: 59.6% Smoothing:  OFF
T{BCF—??...'.’.".'.’..S...‘.?-..4.9.‘{'._...,.E..R'P!S...'Z..?.-.35.9‘.’........E.Riﬁe.f..2.‘!'?..!!'?? ...... BW: FULL
CFall: 100.0ns i Freqi 20.00kHz : Trigger
TBXced: -P-P---2:600VZ - - - - Rms I- 85.13mW2- - - - -Rise - 200.0RS- - - -| pode: AUTO
........ - EalloannGine o Beagy da.3didiz. o hpe L EDGE
: : : : + : : : : Source: CH1

U7 5.15 ueraadgyanunszud ussaurazmaegadeluaiunmvesmsnaaeu 4



2001/03/14 13:06:58
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NORM 10us /div

(10us/div)

Stopped

r+| 4

& B

3L

Fall:

racel:. PoP. .. 232.00V......... Rus. &
400.0ns

Freq:

155.0mV........ Rise . 600.0ns ... ..
20.00kHz outy 60.0%

CH1. ON
200m¥ /div - 111
DC 0.000v

CHZ: ON
5V /div 11
DC 0.00v

CH3: Math

1x2

CH4: OFF
50V /div 10:1
DC 0.0v

Record Length

Main: 10K

Zoom: 10K
Filter

Smoothing: OFF

BW: FULL
Trigger

Mode: AUTO

Type: EDGE

Source: CH1

317 5.16 nansdyanunseualuauanudvesmsnaaoui 5

2001703714 13:01:52 NORM:T100MS /s - 10us/div
Stopped 3 (10us/div)
: CHZ: ON
1 . 5V /div 11
] : DC 0.00v
a7 " CHE: Math
: PNA I
e Fog ; Hon: OFF
: : 3 : : : 50% /div 1o
L _‘ £ 5 . ﬁ ji o A I et K 2 j BC 0.0V
ottt e e e e ) ¢
: : Record Length
: : Main: 10K
o O R A Rl e e e L D i s R G e B e Tieees el Zoom: 10K
Tracel: P=P : 240.0my Rms - 154.6mY Rise: 800. llns Filter
Fall: 600.0ns Freq: 20.00kHz Duty: 60.0% Smoothing:  OFF
Tygee2: P=P i 12.48v i Rms ¥ 7.325V. D Rise! 400.0ns | pw: FULL
Fall: 800.0ns Freq: 20.00kHz Trigger
Th¥cel:-P-P---1.140V2--. . Rus - 90.1-Tow>- - - - - Rise Zﬂ;ﬂﬁ,us Mode: AuUTO
............. Fall-400.808 - Freqr 2020Klg 0 s e - TEDOE
Source: CH1 4
Eﬂﬁ 5.17 anad UIUNTSLLE mdﬂuua“maaﬁmﬁﬂum‘umwmmimﬁa‘uw 5
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2001703714 13:26:12 NORM = 10us/div
Stopped 3 (10us/div)
: £ : CHT: ON
200mY Adiv ~ 1:1
DC 0.000v
CHZ: ON
5 /div 11
DC 0.00v
CH3: Math
1x2
CH4: OFF
50V /div 10:1
DC 0.0v

: CH1=10dBY 500kHz/d | pocord Length
e e e e ! 1 i i e 10K
oA I s G Zoom: 10K
4 2 2 G 5 ; . : Filter
Smoothing: OFF
BW: FULL
: ; : d i ; E : : Trigger
racell. . P=P...224.0mV...... . Rms..3..153.3mV...... ..Rise:. 1.400us...... Mode: AuTo

Fall: 800.0ns 20.00kHz Duty: 60.0% Type: EDGE

ey g Aot e R 2 My 2 VAT AN ™ A0 L% H & e e Source: CH1 &

317 5.18 uerasdgyanunszua lumua i veIMINaaaUn 6

2001703714 13:21:55 NORM:100MS /s 10us /div
Stopped 1l (10us/div)
CH2:
5V /div 1
DC 0.00V
CH3: Math
Tx2
‘| CH4: OFF
50V /div 1001
Dec 0.0v

Record Length

: : : : 1 ; : : : Main: 10K
R e e eriiiaealiiiae il el Zoom: 10K
Tracel:: P=P @ 224.0mv : Rms : 153.3mV : Rise: 1.400us Filter

: Fall: 1.00(]us Freq: 20.00kHz Dutyé Bl].ﬂ%: Smoothing:  OFF
Tygee2: PP o 12.20v . : Rms T 7.308v. . .Rise: 600.0ns . - BW: FULL

CFalill1.400us 7 Freql 20.00kHz : ; Trigger
TO¥ced: -P-P-- -860:0mV2 - - - - Rms - 106.TaW?- - - - -Rise:-200:80S-- - -| pode:  AUTO
o FRIL d400.0ns  C Freqr aaamdiz G rype  eoe

Source: CH1 &

317 5.19 uaasdygunsua useau Masgadslumunavesmsnadoui 6
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2001703714 13:32:40 NORM 10us /div
Stopped 7l (10us/div)
: z . CHT. ON
200m¥y/div - 111
DC 0.000v
CHz: ON
BV /div 11
DC 0.00v
CH3: Math
1x2
CH4: OFF
50V /div 1001
DC 0.0v

Record Length

Main: 10K
Zoom: 10K
Filter

Smoothing: OFF
: . ; BW: FULL

' : : E : : : : Trigger
1....P=P..;..392 tlmv ...... . Rms..3..156.7mv...... -Rise:.100.0ns...... Mode: auTO
Fall: 800. Dns . Freq: 20.00kHz Duty B1. 2% Type: EDGE
: : * ; : Source: CH1 &

517 5.20 nermsdygnunszua lumLAIINAVRIMINATOUT 7

2001703714 13:28:35 NORM:100MS /s  10us/div
Stopped 4 (10us/div)
ol R et o T o
1] P, ¥ N izt i B NS UL O MET § - 11
Lon.. 0.00v
TP wase kMath
: Tx2
ar e 1 CH4: OFF
: i 504 £div 10:1
: pe 0.ov
3_E—¢~1;:§ﬂ:=::f--.¢:§{,...;“‘...'...'f"::i';;:?‘p....
T : : g : i : : : Record Length
E : : : i ; : j : Main: 10K
B s e s en e s e e S s et S Zoom. 10K
Tracel: P-P : 408.0mv : Rms + 156.7mV : Rise: 200.0ns Eilter
© Falli 800.6ns | Freql 20.00kHz @ Duty: 61.2% Smoothing: OFF
T{ﬂcf-???..‘.’:‘.’..E...1.?.:2‘.‘?’........5_.B'.'!S...IZ..?.-.?U‘.'........E..Riﬁ@.é..‘!ﬂﬂ..!‘.’?ﬁ ...... BW: FULL
CFall; 100.0ns i Freqi 20.00kHz : Trigger
TO¥ced: -P-P-- -2.580V% - - - - Rms - 97.43m%2- - - - -Rise - 4.2004s- - - -| pode: AuUTO
S Falliaatinbng. oo Freqr 20.00Me o s G e Type: EDGE
: : : : + : g : : Source: CH1 4

717 5.21 uermsdayaaunszue ussau Mdsgapdelumunawesmsnaaoui 7
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2001703414 13:41:26 NORM 10us/div
Stopped T (10us/div)

: z : CHT. ON
200mv /div - 101
DC 0.000v
CHz: ON
5V /div 11
DC 0.00v
CH3: Math
1x2
CH4: OFF
50V /div 101
DC 0.0v

Record Length
Main: 10K
Zoom: 10K

Filter
Smoothing: OFF
. . ; BW: FULL
: ] 3 : ; : R, Trigger

.:..P.—.P.....272 ﬂI!N ...... ' Rms. .z 152, 6mV Rise.:. 1. -200us Mode: AUTO
Fall: 100.0ns - 20. 00kHz Duty 58.8% Type: EDGE

Source: CH1 4

E‘ﬂ‘l’l 5.22 werager 1mns~uﬁ“lumummnmmmimﬁauw 8

2001/03/14 13:37:47 NORM:100MS /s = 10us/div
Stopped (10us/div)

]zt

CH2: ON

BV /div 11

DC 0.00v
CH3: Math
1x2

L. CHE: OFF
50V {div 10:1

De 0.0v

Record Length

; : : : i : e b : Main 10K
B R T e S e it Dresenivend i Zoom: 10K
Tracel: P=P : 296.0mv * Rms + 152.6mv : Rise: 1.400us Filter
Fall: 100.0ns | Freql 20.00kHz : Duty: 58.4% Smoothing:  OFF
T{ﬂc!‘-??...'.’:'?..E...1.3.:!5.@5'.'....‘,.5..!?'.'!‘».‘..:Z.,?.:.4..3?'.V.‘.‘..A.E..'.'\'.i.‘-i*?.é..1!!‘.'..!!'.'? ‘‘‘‘‘ BW: FULL
Fall 15 4“0“5 Fl’eq-- 20. lll]kHz ¢ Trigger
Tﬂxees -P=P---1:210V2 - - - - - Rs 1- 107.30W#*- - - - -Rise- - 180:0RS - - - -| pjode: AUTO
.........5...5.“!.'.!....‘...‘.'.“.‘.'.‘!5 ...... S Freqr A dklz o e Type: EDGE

Source: CH1 &

5191 5.23 nanedyanunszud ussiu Mdegadslumunavesmmaaeui 8
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2001703714 13:48:33 NORM = 1Dus/div
Stopped I (10us/div)

: b : CHT: ON
200mv /div - T1:1
DC 0.000v
CHz: ON
BV /div 11
DC 0.00v
CH3: Math
1x2
CH4: OFF
50V /div 10:1
DC 0.0v

Record Length
Main: 10K
Zoom: 10K

Filter
Smoothing:  OFF
3 b - 4 : + 2 s . S BW. FULL
= : : : : I : g 2 : Trigger

racell. P=P.:.. 248.0mV........ .Rms..3..153.5mV. ... -Rise:. 400.0ns...... Mode: AuUTO
Fall: 400.0ns : Freqf 20.00kHz : Duty: 59.6% Type: EDGE
- : : z : : : : Source. CH1 &

51/% 5.24 udasdggnanszudluauaudveIMINaAToUN 9

2001/03/14 13:44:32 NORM:100MS /s  10us/div
Stopped 3 (10us/div)
1. Fg 0
CH2: ON
5V /div 11
DC o.00v
CH3: Math
; i Tx2
; v L CHY: OFF
: : B0V Adiv 1011
: ’ ne 0.0v
o i o e PR EEPIOEE o PR o
ap|rrs bttt i —— i Jrascheerond sfcamms
: Record Length
: : : : 1 3 : : : Main: 10K
b R R S S e L S e e S e B ol et g e EINAR Zoom: 10K
Tracel: P=P @ 248, 0mV : Rms + 153.5mV : Rise: 400.0ns Filter
Fall 200. E:Jns Freqi 20. UB:kHZ Duty 59. 8%: Smoothing: OFF
Tygce2: P-P : 12.68v  : Rms  7.324v [ Rise! 200.0ns | pw: FULL
: Fall: 400.0ns . Freq: 20.00kHz : : Trigger
TB¥ceZ: -P=P---1:360Y%----- Rms - 75.40m¥*- - - - -Rise- -208:808us- - - -| pode: AUTO
s FalloAn0.8ng. . Freqr 20 16KMZ s i Type: EDGE
: : : : + : : : : Source. CH1 &

511 5.25 uansdyanunszud useu Mdegadslumunavesmmaaeui 9
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Level

[dBuV]

1001
80+

60

)
s e

9k

20k 40k

100k 200k 400k

1M

2ZM 3M 5M 1O0M

30M

Frequency [Hz]
x XMES Biro]) bl in1\ GFP
+ +MES § ProjSefan®)av.
——MES) | Pro i pre/ R
— LIMS REN® 550151V QP Voltage QP Limit
——LIM § END55 01 5 AW Voltage AV Limit
QP Detector
Frequency Level Transd Limit Margin Line PE
MHz dBuvV dB dBuV dB
0.406500 4270 0.20 SedQ 15.00° "N FLO
2.062500 57.70 0.40 56.00 -1.70 N FLO
2.220000 59.90 040 56.00 -390 N FLO
3.201000 50.00 0.50 56.007:6:00.¢ 1)1 FLO
10.918500 52.90- -:0:90. 60:00:--7:10: L1 FLO
AYV Detector
Frequency Level Transd Limit Margin Line PE
MHz dBuvV dB dBuV dB
0.420000 4050 020 4740 690 N FLO
2.062500 5620 040 46.00 -1020 N FLO
2.220000 5930 040 46.00 -1330 N FLO
3.160500 5180 050 46.00 -580 N FLO
11.022000 53.80 1.00 50.00 -380 N FLO

519 5.27 uamsmnagoudygunacoud 1
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Level

[dBpV]

2ok

9k | 20k 40k 100k 200k 400k 1M
Frequency [Hz]
x xXMES§ Broj 4 SfiineQP
+ +MES} § REOI 4T Il A28
—— MESA\PE® 4 pDire EK
—LIMY ENSH501558Y @P Voltage QP Limit
——LIM \BN 55015 Y AV Voltage AV Limit
QP Detector
Frequency Level Transd Limit Margin Line PE
MHz dBuvV dB dBuV dB
0.352500 4410 020 5890 1480 N FLO
2.080500 555007 040 < 56.00 03U FLO
2.179500 5540 040 56.00 060 N FLO
12.421500 4550 1.00 60.00 1450 L1 FLO
12.520500 4580 1.00 60.00 1420 L1 FLO
AV Detector
Frequency Level Transd Limit Margin Line PE
MHz dBuvV dB dBuV dB
2.080500 5400 040 46.00 -8.00 N FLO
2.179500 5450 040 46.00 -850 N FLO
12.421500 4520 1.00 50.00 480 L1 FLO
12.520500 45,50 :1.00. = 50,00 = 4:50 L1 FLO

717 5.28 uapINsnagpU Ty IUNATOUN 2
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Level

[dBuV]

201

9kl | 20k VF4@is 100k 200k 400k 1M ZVICNM 5M f §1OM 30M
Frequency [Hz]

X XMES § BrojléfineQP

+ +MES} § Broi 14T ™l /28

——MESA\PE® 1l gFeyEK

——LIM§ ENSH501550V QB Voltage QP Limit
——LIM \BEN 55015 V. AV Voltage AV Limit
QP Detector
Frequency Level Transd Limit Margin Line PE
MHz dBuvV dB dBuvV dB

0.222000 5270 020w, 62,70 10.00% 'N FLO

0.361500 4490 020 5870 1380 N FLO
2.121000 6480 040 5600 -880 N FLO
2.220000 6530 040 5600 -930 N FLO

11.161500 6500 1.00 6000 -500 N FLO

12.358500 5990 1.00 : -:60.00.- 040 El FLO
AV Detector
Frequency Level Transd Limit Margin Line PE
MHz dBuvV dB dBpV dB

2.121000 63.60 040 4600 -1760 N FLO

2.220000 6470 040 46.00 -1870 N FLO

11.121000 6470 1.00 5000 -1470 N FLO

12.421500 59.90.  1:00 -~ 50.00---9/90" 11 FLO

317 5.29 uansnmsnadeudyaunadoun 4
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Level

[dBuV]

204

Sk | ZOkNi40k 100k 200k 400k 1M 2M."3M™ SM § 1 OM 30M
Frequency [Hz]

X XMES § ProjZ Zim\OR

+ +MESI | Bxoj2gfin AV

——MESY \ PEo T pref PK

——T1,IM§ REN .5 5 09630 QP Voltage“QRP<ILimit
——LIM R\ EN#DOB 01 5= AV Voltage AV Limit
QP Detector
Frequency Level Transd Limit Margin Line PE
MHz dBpVvV dB dBupVvV dB
0.208500 53.00 0:20, 63.30% $0i1207 | N FLO
0.375000 4350 020 5840 1490 N FLO
2.040000 5450 040 5600 150 N FLO
2.139000 5430 040 5600 170 N FLO

3.160500 48.00 0.50 5600 8.00 L1 FLO

11.620500 50.10 100 6000 990 N FLO
AV Detector
Frequency Level Transd Limit Margin Line PE
MHz dBuVvV dB dBpvV dB
2.040000 53.00 040 46.00 -700 N FLO
2.139000 5290 040 4600 -690 N FLO
3.160500 4770 050 46.00 -1.70 L1 FLO

11.620500 4970 1.00 5000 030 N FLO

317 5.30 uananInadeUdyyIUNaaoUN 5
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Level

[dBuV]

'
L

5 9k 20k 40k 100k 200k 400k 1M 2M 3M 5M 10M 30M
Frequency [Hz]

X XMES§ Broj3Lfiny QP

+ +MES| § Brof 3grfin AAV)

——MESY § B0 3 "pre aPK

——LIMSY RENaS55 015" QP Voltage QP Limit
—LIM VEN" 550157V AW, Voltage AV Limit
QP Detector
Frequency Level Transd Limit Margin Line PE
MHz dBpvV dB dBuVvV dB

0.361500 4430 0.20 5870 1440 N FLO

1.918500 49.10 0.40 56.00 690 N FLO
2.161500 5040 040 56.00 5760 mummiN] FLO

3.142500 4560 0.50 56.00 1040 L1 FLO

11.319000 45.00 1.00 60.00 15.00 N FLO

AV Detector
Frequency Level Transd Limit Margin Line PE
MHz dBuV dB dBuV dB

1.918500 4720 040 4600 -120 N FLO

2.161500 4930 040 4600 -330 N FLO

3.142500 4530 050 4600 070 L1 FLO

11.220000 445021005 £250.00-5.50" 77N FLO

517 5.31 uansnInaaRUTYY UNATOUN 6
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Features

« Compatible with MCS-51™ Products

4K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-level Program Memory Lock

128 x 8-bit Internal RAM

82 Programmabile VO Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Programmmable Serial Channel

Low-power Idle and Power-down Modes

e & 6 & ¢ & & o

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel's high-density nonvolatile memory technology and is
compatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
Flash allows the program memory to be reprogrammed in-systein or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
a highly-flexible and cost-effective solution to many embedded control applications.

Pin Configurations PR
WV
Pro01 % vee
Pl.102 3¢ 1 PO (ADO)
P1203 38[1P01 (AD1)
P304 371 P02 (AD2
Plads 26 [1P0.3 (ADS;
P1506 25 [ P04 (AD4)
p1607 34 [1 PO (ADS)
P78 3311 P06 (ADS)
ASTO 2 2211 P07 (ADT)
PQFP/TQFP (RXD) PAO ] 10 31 DEAVPP
(TXDjP3.1 T 11 30 0 ALEPROG
5 A T (N7 P32 12 20 OPSEN
o 85828 {IRTT; P2.9 T} 18 281 P27 A5
[ cLL g (T0; P34 14 27[1P26 (A14)
zna=o , 8RB EoE (T1; P35 15 2611P25 (A1
oo aacaZl>aadad lWﬁJPleL:w 25 [0 P24 (A12)
nOoO00nNnNoOOn moyPaz O 17 240 P23 (A1)
/ I3 Y73BREBER XTAL2 [} 18 2301 P22 A10)
XTAL1 O] 18 22[1P21 (A%
P15L]1 33[1P04 (AD4) oD O 20 210 P20 A8
P160]2 _22[1 P05 (ADS)
P78 310 P06 (AD6)
psTO4 s0f1Po7 (AD7) PLCC
(RXD) P30 OJ5 291 EAVPP
NC 6 28[AINC S588
(TXD) P31 47 27{1 ALE/PROG s%%g
(INTO)P3.2[18 26[1P5EN tayTe 82599
(TIP3 T 251P27 (A15) finsazsackEl®
(o) P34 .} 10 24[1P26 (A14) QEQQZ‘QQE”TQ
easgn 2AP25 (A P1507 o ¥ ®¥ T %0400
NmTLE~R@E o P1.860O8 38 [ PO.5 (ADS)
o oo oo ooooyg P170Q9 37 3 P0.6 (ADS)
Faodn apwee
Lo S aos &btk (RXD) P3.0 ] 11 5 EAVPP
2 g32:8 ncde SR
= . (TXD) P3.1 {13 33[JALE/PROG
(iNT0) P32 14 2 [IPSEN
(INT1)P33 0] 15 310 P27 (A15)
(T0) P3.4 ] 16 30[1P26 (A14)
P50, o czyRIBER ?SPBE\PZ.S(NS)
Toooooyd mpEpsys
B o - € 8 v a ) <
gg3Z248dd¢
Eg*% ggg:d
=1 =Szzz

=2
=
i
=
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8-bit
Microcontroller
with 4K Bytes
Flash
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The |dle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

vccC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open-drain bi-directional /O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port O pins, the pins can be used as high-
impedancs inputs.

Port 0 may also bs configured to be the muitiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has intemal
pullups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program
verification. Extemal pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional /O port with intemal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,
Port 1 pins that are extemally being pulled low wil! source
current (I, ) because of the internal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bi-directional /0 port with intemal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,

Port 2 pins that are extemally being pulled low will source
curment (|, ) because of the intemal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, it uses strong intermnal pullups
when emitting 1s. During accesses to extemal data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional I/O port with intemal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,
Port 3 pins that are extemally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port}

P3.1 TXD {serial output port)

P32 INTO {extemal interrupt 0)

P33 INTT {external inferrupt 1)

P34 TO (timer 0 external input)

P35 T1 (timer 1 external input)

P36 WR (external data memory write strobe)
P37 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device. .
ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In nommal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE

ATMEL 3
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pulse is skipped during each access to external Data
Memory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in extemal execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C51 is exscuting code from extemal pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EA/NVPP

Extemal Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from extermal pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
intemally latched on reset.

EA should be strapped to V¢ for internal program
executions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

XTALA1

Input to the inverting oscillator amplifier and input to the
intemal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an extemal clock source, XTALZ should be left

unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the extemnal
clock signal, since the input to the intemal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
softwars. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intemal reset algorithm takes control. On-chip hardware
inhibits access to intemal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connsections
c2
.—-—-"—.___I—
[ ol
- &/
o—) XTALA

i

C1,C2 =30 pF £ 10 pF for Crystals
= 40 pF £ 10 pF for Ceramic Resonators

XTAL2

GND

Note:

Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Intemal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float i Data Data Data




Figure 2. Extemal Clock Drive Configuration
NC ———— XTAL2
EXTERNAL

OSCILLATOR
SIGNAL

XTAL1

GND

i

Power-down Mode

In the power-down mode, the oscillator is stopped, and the
instruction that invokes power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before Ve
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the table below.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function property.

Program Lock Bits
LB1 LB2 LB3 Protection Type

1 U U U No program lock features

2 P U u MOVC instructions executed from external program memory are disabled from
fetching code bytes from intemal memory, EA is sampled and latched on reset,
and further programming of the Flash is disabled

3 U Same as mode 2, also verify is disabled

4 P Same as mode 3, also external execution is disabled

m
-
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Programming the Flash

The ATB9C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vee) program enable signal. The low-voltage program-
ming mode provides a convenient way to program the
AT89C51 inside the user’s system, while the high-voltage
programming mode is compatible with converitional third-
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes ars listed in
the following table.

Vpp =12V Vpp =5V
Top-Side Mark AT89C51 AT89C5H1

3000 XXXX-5

yyww yyww
Signature {030H) = 1EH {030H) = 1EH

{031H) = 51H {031H) = 51H

{032H) =F FH {032H) = 05H

The AT89C51 code memory array is programmed byte-by-

byte in either programming mode. 7o program any non-

blank byte in the on-chip Flash Memory, the entire memory

must be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the

AT89C51, the address, data and control signals should be

set up according to the Flash programming mode table and

Figure 3 and Figure 4. To program the AT89C51, take the

following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

4. Raise EAN,pp to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeatsteps 1 through 5, changing the address

and data for the entire array or until the end of the
object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle
has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1”s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values retumed are
as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion. ,

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.



Flash Programming Modes

Mode RST PSEN ALE/PROG EAN,, | P26 | P27 | P3.6 | P3.7
Write Code Data H L H/2Vv L H H H
o
Read Code Data H = H H L L H H
Write Lock Bit - 1 H L HA2v H H H H
e
Bit- 2 H L HA2V H H L L
i
Bit - 3 H L HM12V H L H L
T
Chip Erase H L ) HA12v H L L L
\\//7Z
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.
Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
AT89C51 AT89C51
aopp, 20 A7 o, Veo —j aoDR, 0= A7), Vee
OOOOH/OFFFH PGM OOOOH/OFFFH PGM DATA
P20 - P23 PO DATA P20 - P23 PO 9 (USE 10K
A8 - A11 AB - A1 PULLUPS)
———» P26 —»| P26
SEE FLASH —>» P27 ALE l&—— PROG SEE FLASH — P27 ALE
PROGRAMMING PROGRAMMING
MODES TABLE | —® P36 MODES TABLE | —| P36 g
— APk 7 —»| P37 '”
7—— XTAL2 EA l—— V,Npr ® XTAL2 EA
3-24 MHz | 324 MHz | [
¢ XTAL1 RST f&— V,, o XTAL1 RST le——— Vy,
E GND PSEN —j_ f GND PSEN j_
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp = 12V)

P10 - P17 L PROGRAMMING VERIFICATION
P20 - P23 ADDRESS ﬁ ADDRESS
b‘_ tavay
PORT 0 { DATA IN DATA OUT
: ™ lova  terox [ :
AVGL [ & 71 "GHAX
ALE/PROG
tonaL [, o tense
o PSR RN LOGIC 1
AN —— EOGIGROSI R
P2.7 > oy —NNEN B i
(ENABLE)
toHeL —]
P34
(RDY/BSY) BUSY READY
twe

Flash Programming and Verification Waveforms - Low-voltage Mode (Vp = 5V)

P10 - P17 PROGRAMMING VERIFICATION
P20 - P23 ADDRESS j/ ADDRESS
[ tavav
PORT 0 DATA IN . DATA OUT
“— tova  terox [
taver gHax
ALE/PROG A
fsweL* >‘““‘tGLc;H—"
ot LOGIC 1
EANge o . Yo By, . ¥ OGO L
t t
P27 i ey — o e
(ENABLE)
toreL — :
P3.4
(RDY/BSY) BUSY READY
twe
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Flash Programming and Verification Characteristics
Ta=0°Cto 70°C, Ve = 5.0 £ 10%

Symbol Parameter Min Max Units
Veel! Programming Enable Voltage 115 12.5 Vv
Ipet Programming Enable Current 1.0 mA
1L Oscillator Frequency 3 24 MHz
tavaL Address Setup to PROG Low 48t o

taHax Address Hold After PROG 48te o

tovar Data Setup to PROG Low 48t o

tanox Data Hold After PROG 48tg o

1 P2.7 (ENABLE) High to Vep 48t

tsuaL Vpp Setup to PROG Low 10 us
Vpp Hold After PROG 10 s
taa PROG Width 1 110 us
oy Address 1o Data Valid 48te o

teray ENABLE Low to Data Valid 48tc oL

Data Float After ENABLE Y 48tc oL

. PROG High 1o BUSY Low 1.0 s
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.

AIMEL
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Absolute Maximum Ratings*

Operating Temperature ...............cocooeveeenn.... -55°C 10 +125°C *NOTICE:
Storage Ternperature...........cccceceeevvrvereevenne. -65°C to +150°C

Voltage on Any Pin

with Respectto Ground ..............ccccooeveveeennnn.. -1.0Vto +7.0V

Maximurn Operating Voltage ...........c.oooeveeiviceiee e 6.6V

(B, €101} e U1 €1117=] 1 ORI e NP L 15.0 mA

DC Characteristics

Ta = 40°C 10 85°C, Vi = 5.0V + 20% (unless otherwise noted)

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Symbol Parameter Condition Min Max Units
Vi Input Low-voltage {Except EA) -0.5 0.2Vee-0.1 v
P Input Low-voltage (EA) -0.5 0.2 Ve -0.3 v
Vii Input High-voltage (Except XTAL1, RST) 0.2 Vee+ 0.9 Voo + 0.5 v
A Input High-voltage (XTAL1, RST) 0.7 Ve Vee +0.5 Y
Voo Output Low-voltage™® (Ports 1,2,3) I, = 1.6 mA 0.45 v
Vs g‘;ﬁ“&i"’;’%;ﬂ o = 3.2 mA 045 v
loy = -B0 YA, Vee =5V £ 10% 24 v
Yo (?;(‘:ft:ﬂ'j’z'?;'f'_'?g%—lsﬁ) low = =25 pA 0.75 Ve v
Iy = -10 pA 0.9 Ve v
lo = -800 PA, Ve = 5V £ 10% 24 v
Vo zl);gglg :\'gEr:t‘:::?;us Mode) lop AR PiVee Y
loy = -80 pA 0.9 Vee Vv
e Logical 0 Input Current (Ports 1,2,3) Vi = 0.45V -50 HA
£ '(':(f‘:fsa: jzfg)o TRggonyrant Vin = 2V, VCC = 5V £ 10% -650 A
lyy Input Leakage Current (Port 0, EA) 0.45 < Vi < Voo +10 HA
RRST Reset Pull-down Resistor 50 300 KQ
Cpo Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current
Idle Mode, 12 MHz o mA
lec
Power-down Mode® tara 2 i
Vee =3V 40 HA
Notes: 1. Under steady state {non-transient) conditions, I, must be extemnally limited as follows:

Maximum I, per port pin: 10 mA

Maximum I per 8-bit port: Port 0: 26 mA

Ports 1,2, 3: 15mA

Maximum tofal |y for all output pins: 71 mA
If Iy, exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.

10 AT89C51 ey
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AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs =80 pF.

External Program and Data Memory Characteristics

AlmEL

12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
g Oscillator Frequency 0 24 MHz
Yini ALE Pulse Width 127 2t 40 ns
tave Address Valid to ALE Low 43 tc o -13 ns
tax Address Hold After ALE Low 48 toc 20 ns
tun ALE Low to Valid Instruction In 233 My 65 ns
T ALE Low to PSEN Low 43 toc 13 ns
teLpy PSEN Pulse Width 205 Bty 20 ns
touy PSEN Low 1o Valid Instruction In 145 3ig 0145 ns
tpxpc Input Instruction Hold After PSEN 0 0 ns
tpxz Input Instruction Float After PSEN 59 o -10 ns
toxay PSEN 1o Address Valid 75 o8 ns
tavv Address to Valid Instruction In 312 Sty -85 ns
tpiaz PSEN Low to Address Float 10 10 ns
tri rn RD Pulse Width 400 6tcic-100 ns
tawn WR Pulse Width 400 61, -100 ns
tr o RD Low to Valid Data In 252 5tey o1-90 ns
taHDX Data Hold After RD 0 0 ns
thinz Data Float After RD 97 2tey 28 ns
Yoy ALE Low to Valid Data In 517 81y ¢y -150 ns
tavoy Address fo Valid Data In 585 9o o -165 ns
thw ALE Low to RD or WR Low 200 300 Bt o -50 3t o +50 ns
Tam Address to RD or WR Low 203 Mo o 75 ns
tovwx Data Valid to WR Transition 23 1o 20 ns
tovem Data Valid to WR High 433 Tio 120 ns
twhax Data Hold After WR a3 tore-20 ns
triaz RD Low to Address Float 0 0 ns
RD or WR High to ALE High 43 123 toye 20 tor o +25 ns
11
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External Program Memory Read Cycle

’: SR Ve
ALE

Lavie [ » - "ty =

— bp fe—
PSEN 18 touy
LTS e texiz =
] o
PORTO _ > A0 - A7 —K INSTRIN p > am-a1 ><
NG tva S——

PORT 2 B A8 - A15 X AB-At5

External Data Memory Read Cycle

F Y]
ALE N
T Ywhin
PSEN _/ < i) \S¢ /
le— tRiRH—>
— fw —
— = |/
Al — 1 ax—] j——t—/ ‘.
A Wl RLDV HDZ

tRLAZ"" 1
—b RHDX
PORT 0 > A0 - A7 FROM Rl OR DPLX K DATA IN A0 - A7 FROM PCLO— INSTR IN

tavwe
e———— tavpy
PORT 2 ) 4 P2.0 - P2.7 OR A8 - Al5 FROM DPH A8 - Al5 FROM PCH




External Data Memory Write Cycle

AT89C51

b Hu—]
ALE N
et fwhn
PSEN / SN A
o twe — ety —
W N L/
L) e—tax—s [N—--
fe— taviL—] tovwx =P [« o f‘— twhox
— tovwn—
PORT © }( A0 - A7 FROM RI OR DPL DATA OUT X XCA0 - A7 FROM PCLO-CINSTR IN
tawr ———
PORT 2 > P2.0 - P2.7 OR A8 - A15 FROM DPH X A8 - Al5 FROM PCH
External Clock Drive Waveforms
Terex
toron — — ToneL
02 Vg - 0.1V |— 5
0.45V L
E forex — ¥
tera >
External Clock Drive
Symbol Parameter Min Max Units
1Acia Oscillator Frequency 0 24 MHz
oo Clock Period 416 ns
1CHCX ngh Time 15 ns
torex Low Time 15 ns
teLen Rise Time 20 ns
teHeL Fall Time 20 ns

AIMEL
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Serial Port Timing: Shift Register Mode Test Conditions
{Vce =5.0V +20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator Units
Symbol Parameter Min Max Min Max
o Serial Port Clock Cydle Time 1.0 121 us
tovxu Output Data Setup to Clock Rising Edge 700 10tc o -133 ns
txrox Output Data Hold After Clock Rising Edge 50 ey -117 ns
tyHox Input Data Hold After Clock Rising Edge 0 0 ns
tyHoy Clock Rising Edge to Input Data Valid 700 10tc o -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION o] 1 | 2 3 4 5 6 7 8
Y ey b L g IR W A Ny O g s q Ll g g L g p L

t)(L)(L
CLOCK 7 |‘_ﬁ|"[[[||][|
VXH
—] ]-—tXHLx
WRITE TO SBUF, N_ A PRI 280 \NWINE N ~0h % 5 4 \e Y7 7
— t
QUTPUT DATA tehdy .__..l [ txrox SETTIT
L CLEARRI
¥
INPUT DATA

AC Testing Input/Output Waveforms"  Float Waveforms("

Vee - 0.5V
e 0.2 V. + 0.8V oL OV
TEST POINTS Vioan Timing Reference
Points
02 Vo - 0.1V Vb Vgt 0V

Note: 1. ACInputs during festing are driven at Vo - 0.5V fora Note: 1. Forftiming purposes, a port pin is no longer floating
logic 1 and 0.45V for a logic 0. Timing measurements when a 100 mV change from load voltage occurs. A
are made at vy, min. for a logic 1 and V, max. fora port pin begins fo float when 100 mV change from
logic 0. the loaded V,/V(, level occurs.
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Ordering Information

Speed Power
(MHz2) Supply Ordering Code Package Operation Range
12 5V + 20% AT89C51-12AC 44A Commercial
AT89C51-12JC 444 {0°C t0 70°C)
AT89C51-12PC 40P6
AT89C51-12QC 44Q
AT89C51-12A1 44A Industrial
AT89C51-12J] 44 {-40°G to 85°C}
AT89C51-12PI 40P6
AT89C51-12Q1 44Q
16 5V £ 20% AT89C51-16AC 44A Commercial
AT89C51-16JC 444 {0°C to 70°C})
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT8SC51-16Al 44A Industrial
AT89C51-16JI 44) {-40°C 1o 85°C)
AT89C51-16PI 40P6
AT82C51-16Ql 44Q
20 5V +£20% AT83CG51-20AC 44A GCommercial
AT88C51-20JC 444 {0°C to 70°C)
AT88C51-20PC 40P86
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT89C51-20J1 444 {-40°C to 85°C)
AT89C51-20P| 40P6
AT89C51-20Q 44Q
24 BV £ 20% AT89C51-24AC 44A Commercial
AT89C51-24.C 444 {0°C to 70°C)
AT89C51-24PC 40P6
AT88C51-24QC 44Q
AT89C51-24Al 44A Industrial
AT89C51-24J1 44J {-40°C to 85°C)
AT89C51-24PI 40P6
AT89C51-24Ql 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600” Wide, Plastic Dual Inline Package {PDIP)
44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)

AIMEL 1
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Packaging Information

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

3 | 1221(0478)
| T7.75(0458)

0.45(0.018)
r 0.30(0.012)

1010(0.384) o o
~ 5.20{0386)

r— 1.20(0.047) MAX

0.20{.008) 7
ST ] i

1 \ J L 0.75(0.030) 0.15(0.006) _} 1
0.45(0.018) 0.05{0.002)

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

.045(1.14) X 45°  PIN NO.1 -045(1.14) X 30° - 45° 012(.305)
IDENTIEY. o e v “008(203)
RE i)
t 856(16.7) — .630(16.0)
_T “650(16.5) § 500(15.0)
.032(.813) .021(.533)
1026(.660 £85(17.7)
e 0 #85(17.4) 5% 013(:330)
| )
‘050(1_27)Typ‘—|:r~:r|:1#-:r13-|:—’=1..___{ .043(1.09)
fa——— = s00(127) REF SQ ~020(508)
.120(3.05)

“Don(2.20)

.180(4.57)

165(4.19)
%ﬁfﬂ?ﬂﬂﬂg '

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

2.07(52.6)
2.04(51.8) Pl

5ssf<14 .566(14.4)
530(13.5)

1900(48.25) REF :l '“_ 090(229)
e G | B

3 g( g.c::; 075(387)
5. | .022(559)
™ -085(1.65) “074(.356)
110{2.79) D41(1.0%)
s 530(16.0)
I"‘.ssous.m“l
O ReF
012(.305) 15
o] B90(17.5)
B10(15.5)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

1345 (0.625) oy
12.95 (0.506)

PIN1ID

0.50 (0.020)

0.35 (0.014)
i

0.80 (0.031) BSC —l

W\l

1010 (0.384) o
79.90 (0.586)
{— 2.45 (0.096) MAX
0.17 {0.007)
013(0005)1 ( 4
,.“.- 1.03 (0.041) UOZS(OL‘HD)MAX
0.76 (0.030) Sl

Controlling dimension: millimeters
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FAIRCHILD

SEMICONDUCTOR ™

BC237/238/239

Switching and Amplifier Applications
~ Low Noise: BC239 :

157 TO-92
NPN Epitaxial Silicon Transistor 1.Cofisotor 2. Base 3. Emitter
Absolute Maximum Ratings T,=25"C unlsss otherwise noted
Symbot Parameter Value Units
Veesg Collector-Emitter Voltage 1 BC237 50 \'
: BC258/239 30 %
Vezo Coltector-Emitter Voltage 1 BC237 45 v
1 BC238/238 25 \
Veso Emitter-Base Voltage :BC237 8 v
1 BC238/23¢ 5 V
e Caltector Current {DC) 106 mA
Pe Collectar Dissipation 506 mwW
T, Junction Temperature 15¢ "G
Tsrg Starage Temperatire -55 ~ 150 *C
Electrical Characteristics 1.=25:C uniess otherwiss noted
Symbol Parameter Test Condition Min. Typ. Max. | Units
8Voso Collector-Envitter Breakdown Voltage 1c=2mrA, 1g=0
1 BC237 45 v
1 BC238/239 25 \'4
BVzagp Emitter Base Breakdown Voltage lg=1pA, Ic=0
1 BC237 5} Vv
: BC238/239 9 Vv
toes Cottector Cut-off Current
- BC237 Vee=50V, Vgz=0 0.2 15 nA
: BC238/239 Yop=30V, Vg=0 0.2 15 nA
g DC Curreat Gain VeSSV, Ig=2mA 126 800
Ve (sat) Coltector-Emifter Saturation Voltage ic=10mA, Ig=0.5mA G.07 0.2 Vv
1z=100mA, 1g=5mA 0.2 2.6 Vv
Ve {sat) Callector-Base Saturation Voltage {c=10mA, lg=0.5mA 6.73 0.83 A4
Cf—“lQOmA, ]5=5(1’1A 0.87 1.05 \
Vg {on} Base-Emitter On Voltage Vop=SV. I=2mA 0.95 0.62 0.7 v
fr Current Gain Bandwicth Product V=3V 1o=0.5mA, f=100MHz 85 hiHz
Vog=5V. 1= 10mA, f=100MHz | 150 | 250 MHz
Cep Output Capacitance Yea=1t0V, 1g=0. f=1MHz . 35 6 pF
Cy Input Base Capacitance Veg=0.5V, Ic=0, f=1MHz 8 pf
NF Noise Figure Yog=hBV, 1=0.2mA,
1 8C237/238 f=1KHz Rg=2K{} 2 10 dB
:BC239 VeE=5V, I=0.2mA 4 d8
: BC23¢ Rg=2KQ), f=30~15KHz 4 dB
hge Classification
Classificaton A B G
hee 120 ~ 220 180 ~ 480 360 ~ 800
Hie B feunry MR

TS BSOS of MG St

6€2/8€2/.€2049



Typical Characteristics
100 ] 100 T
£ |_A1a=400 L? . Vig = 8
i} & 13 = 350 7+ &
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2 / -1 2 10
o Y, 11, = 750 ;A o
14
<] L1 o
5 | T 1y = 200 /A =
w L] w
3w T =160 1A =
O —"1 =]
[3) 3 s
) e [ le=100 2A oA
R | P =y £
Ky K
la = 50 #A
o o1
0 2 4 € & 10 2 “ ® 2 2 00 02 04 o8 L 2] 10 12
Ve:z[V], COLLECTOR-EMITTER VOLTAGE V5{V], BASE-EMITTER VOLTAGE
Figure 1. Static Characteristic Figure 2. Transfer Characteristic
w
2 10000
S
Ver =5Y = le =101,
1o00 z
(o]
= (<]
z E 100 Vas(391)
' =)
g 100 3
o M & /
% 5
3 E
8] = 100
o a
G i Vessat,
i > A e
H
1 >n 10
1 10 100 1000 1 10 100 000
le[mA], COLLECTOR CURRENT l[mA], COLLECTOR CURRENT
Figure 3. DC current Gain Figure 4. Base-Emitter Saturation Voltage
Collector-Emitter Saturation Voltage
100 1000
-
5
=1MHz 2 Yo =Y ]
g’j s =0 g /
z 10 E 100
S a
2 g
2 \ g
g S
5 T~ 3
S 1 < w0
= o
6] =
o
w
o
@
= |
(&)
0.1 =
2§ 10 100 1000 o 0.1 1 0 100
Veo[V], COLLECTOR-BASE VOLTAGE le[mA], COLLECTOR CURRENT
Figure 5. Qutput Capacitance Figure 6. Current Gain Bandwidth Product
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Package Demensions

TO-92

4158 0:22

% B
R
4.58 _0.20

0.46 +0.10

14.47 _0.40

|

1 1

A1 &
1.27TYP

, I [1.27 +0.20]

3.86MAX

20

(FJ
025 ||

038048
N
A
N
Ld
©

1.02 10.10

|| 0.38 25,95

Dimensions in Millimeters
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[ TRAUEMARKS

not intended to be an exhaustive list of all such trademarks.

ACEx™ HiSeC™ SuperSOT™-8
Bottomless ™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ TinyLogic™
CROSSVOLT™ POP™ UHC™
E2CMOS™ PowerTrench® VCX™
FACT™ QFET™
FACT Quiet Series™ Qs™
FAST® Quiet Series™
FASTI™ SuperSOT™-3
GTO™ SuperSOT™-6

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 FAIRCHILD SEMICONDUCTOR

INTERNATIONAL.
As used herein;

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, or (c) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effactiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Definition

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

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

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Datasheet Identification Product Status
Advance Information Formative or In
Design
Preliminary First Production
No I|dentification Needed Full Production
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.

©2043 Fairchid Scmiconducor Imemational
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FAIRCHILD

SEMICONDUCTOR ™

BC327/328

Switching and Amplifier Applications
~ Suitable for AF-Driver stages and low power output stages
= Complement o BC337/BC338

g P TO-82
1. Coliector 2.Base 3. Emitter
PNP Epitaxial Silicon Transistor
Absolute Maximum Ratings 1,=25:C unless otherwise noted
Symbof Parameter Value Units
Vees Coliector-Emitter Voltage
. BC327 -&0 \'4
: BC328 -30 v
Vaso Collector-Emitter Voltage
:BC327 -45 v
- BC328 -25 \4
Veso Emitter-Base Voltage -5 v
le Coligctor Curcent (DC) -800 mA
Py Collector Dissipation 825 mwW
Ty Junctian Temperature 150 “C
Ts16s Storage Temperature -55 ~ 150 ic
Electrical Characteristics T4=25°C unlass otherwise noted
Symbol Pararneter Test Condition Min. Typ. Max. | Units
BVeeo Collector-Emitter Broakdown Voltage | 1-= -10mA, Ig=0
:BC327 -45 \%
-BG328 -25 v
BVigs Collector-Ernitter Breakdown Voltage | la= -0.1mA, Vge=0
BC327 -50 v
:BC328 -30 \
8Vego Emitter-Base Breakdown Voltage tE= -10pA, 10=0 -8 v
lces Collector Cut-off Current
: BC307 Vpg= 45V, Vge=0 -2 -100 | nA
: BC338 Vyp= -25V, V=0 -2 -100 | A
Bpey OC Current Gain Vee= -1V, = -100mA 100 630
fegy V= -1V, Ig= -300mA 40
ce (sal) | Collector-Emitter Saturation Voltage | ko= -500mA, lg=-50mA -0.7 v
Ve (on) | Base-Emitter On Voltage V= -1V, 1= -300mA -1.2 \Y
fr Current Gain Bandwidth Product Vo= -8V, o= -10mA, =20MHz 100 MHz
Cop Output Capactiance Vieg= -1V, 1==0. f=1MHz 12 pF
hge Classification
Classification 16 25 40
Nees 100 ~ 250 60 ~ 400 250 ~ 630
hezo 60- 100- 170-

S ST Sior IS I

i AL fuEgenry PRE
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Typical Characteristics
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Figure 1. Static Characteristic
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Typical Characteristics (continueq)
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Figure 7. Input and Output Capacitance
vs. Reverse Voltage
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Package Demensions
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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™ HiSeC™ SuperSOT™-8
Bottomless™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ TinyLogic™
CROSSVOLT™ POP™ UHC™
E2CMOS™ PowerTrench® VCX™
FACT™ QFET™
FACT Quiet Series™ Qs™
FAST® Quiet Series™
FASTI™ SuperSOT™-3
GTO™ SuperSOT™-6

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

INTERNATIONAL.
As used herein;

result in significant injury to the user.

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, or (c) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to

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

2. A critical component is any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

Definition of Terms

PRODUCT STATUS DEFINITIONS

Datasheet ldentification

Product Status

Definition

Advance Infarmation

Formative or In
Design

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

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.
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