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Abstract

This thesis is to develop the transistor ignition system .By design the spark plug which
has one electrode to spark for 4 times. The signal gencrator generated +12v in the form of dwell
angle. And sent the signal to CPU, The CPU will divide the signal from 1 to 4 signal. The signal
which divided already was sent to DC/DC circuit to increase the signal voltage. Then sent to coil

that operate as the step up transformer and sent the high voltage to ignite the spark plug.
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4.3 waziBualuMIseNIULIINg

4.3.1 emvesanesadiaiygaunad (Pulse Generator)
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4.3.2 tmvsanislsziann (CPU)

SIGN IN
CHECK

Yes

SIGN IN
CHECK

Yes

NOT SEND
SIGN OUT

SEND

SIGN OUT

Y

MAKE
MULTI
PULSE

SEND
SIGN OUT

E‘ﬂﬁ 4.6 flow chart Y89 microcontroller
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4.3.3 Source Code Y94 Program

; Real Detect Input Stage

BUFF BIT P10
SIGN_IN BIT P3.0 555
SIGN_OUT BIT P3.1
LED BIT P3.2
TURBO BT BIT P3.7 . if 0 => 555 ,if 1 => Motor
ORG 0000H
MOV P1#0
CLR BUFF
CLR LED
MAIN:  INB TURBO BT,PRE 3  ; BUFF (0> NOR),(1 > TUR)
S — NORMAL----m-mrmememem
PRE_I: CLR LED
CLR SIGN_OUT
INB SIGN_IN,MAIN
PRE_2: SETB SIGN_OUT
IB SIGN IN,PRE 2
AIMP MAIN
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PRE_3: SETB LED
SETB SIGN_OUT
ACALLDELAY 110
CLR SIGN_OUT
ACALLDELAY 110

SETB SIGN_OUT

JNB SIGN_IN,MAIN
PRE_4: CLR SIGN_oUT
IB SIGN_IN,PRE 4
AIMP MAIN
;)EL;Y__I 10: MOV R7, #110

DELAY 110 _1:DINZ R7 DELAY 110 1

END
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43.4 aveamiuasdiuusadyu (DC-DC Convertor)
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"-’.‘ TEXAS
INSTRUMENTS

Data sheet acquired from Hamis Semiconguctor
SCHS50Z3D — Revised Aprit 2005

CMOS Dual
‘D’-Type Flip-Flop

High-Vottage Types {20-Volt Rating)

B CD40135 conslsn of two identical,
independent daws-type Hip-Hlops. Each flip-
tlop. has independent dats, sat, mset, snd
chock inputs and Q and Q cutputs. These de-
vices con be used for shift_register applics
tions, and, by connecting Q output to the
dats input, for counter and toggle applica-
tians. The logic level present at the O input
is transterred to the Q output during the
Positive-going transition of the clodk pulse.
Setring or resetting i independent of the
clock and is accomplishad by a high tavel on
the sat or resat line, respectively.

The CD4013B types are supplied in 14-Jead
hermetic dual-indine ceramic packages
(F3A suffix), 14-lead dualdn-line plastic
packages (E suffix), 14Jead small-outline
packages (M, MT, M96, and NSR suffixes),
and 144ead thin shrink small-outline
packages (PW and PWR sufflxes).

RECOMMENDED OPERATING CONDITIONS

CD4013B Types

Festures:

= Sat-Rewi capabifity

» Swtic fip-flop operation — retaing state
indefinitely with dlock level sither
“high'” or “low™ .

® Medivm-spesd operation — 18 MHz {typ.}
dlock toggla ram at 10V

» Standardized symmetrical output

charscteristics
® 300% tested for quiescent current at 20 V

® Maximum input currentof TpA st 18V
over full package temperaturs rangs;
100 nA ut 18 V and 269C
8 Noise margin (over Jull package
temperstuse rangel: TVl Vpp~5 V
2VmvpprioV
25 VatVpp=18 vV
8 §-V, 10-V, and 15-V/ parametric ratings-

® Meats all raguiremants of JEDEC Tenwative
Siandard No. 138, “Standard 8

ficationy
for Description of ‘B’ Series CMOS Devices™

Applications:
" Raghwert, counters, control cirouit

AtTa= 25°C, Excapt s Noted, For maximum retisbility, nominal opersting cond:-
Hons should be selected 3o that operation is siways within the Pollowing ranges:

CHARACTERISTIC v"\’,? LiMITS UNITS
MEN. MAX,
Suppiy-Voitage Range
(Far Tp = Futt Packege - 3 18 v
Tempsarature Range}
5 a0 - )
Data Setup Time ks 10 20 - ns
15 15 -
. L 140 -
Clock Pulse Width 1, 10 60 - o
15 40 -
6 36
Clock Input Frequency fpo| 10 de B MHz
16 12
Clock Rjse of Fall Ti ° - *
trCL,'ml;L ik 10 - 10 pe
15 - 5
-] 180 -
Sett: Anset Pulse Width 10 a0 _ -
15 50 -

*H more then one unit i cascadad In » parsilel clocked cparstion, t,CL should ba made less than or squsl 1o
e sum of the fixed propagsiion daley tima st 15 pF and the trensition timy of the cutput driving stege for

e mtimated capecithe loed.

CD40138
FUNCTIONAL DIAGRAM

DR AN =TO- SOURCE VOLTAEE (VDg 1=V

e e

Fig T = Typical output low frink)
current charscteristics.

-+ TO- SOURCT VOLTAE [vog}— ¥

R RICTL L
Fig. 2 — Minimwm output fow fink }
Currant charscteriaricr

DA - TO-BOURCE VOLTMME [¥pt—V

Fig 3 — Typical output h“"mf’
Cwrreni charpcteristics.

Copyright © 2005, Texas Instruments Incorporated



CD40138B Types

STATIC ELECTRICAL CHARACTERISTICS pRA-Te- o "_"_;"""’:; .

CHARAC- | o niTIONS LIMITS AT INDICATED TEMPERATURES (°C)  |unITS
TERISTIC -
Vo | ViIN[VYDD +26
v} VIi V)| 568 | 40 | +886 | 4125 [Min. | Typ. | Max.
Quiescent — 06 5 1 1 0 @ - 0.02 1
Device - 00} 10 2 2 60 60 - 0.02 2 A
Current - Jot6[ 5 "4 |4 [0 |20 ] - |[o02] a4 ]*
Ipp Max. - 0,20 20 20 26| 600 | BOO - 0.04 20
OI.I(pLIt Low s pesiar
1Sink) 04 los| 5 | 064 061 | 042|038 | 051 i - Fig 4 — Minimuen output high frource)
Current, 05 |0d0] W0 | 16 [15 |14 |00 | 131 26 1 = current characteristice.
Iy Min. 15 lois[ | a2 4 |28 |24 [ 34| 68 | - A
Output High |48 | 05| 5 | —0.64l-061| DA 038|-081] —1 | — 1™
(Source) 2.5 0,5 5 ~2 §~18 ] =-13 |~1,15|-16]| -3.2 -
Currant, 85 |oyol w | s[5t |08 3f 28| -
Ion Min. 138 1045{ 15 | 42| 4 |[-28|-24 | 34| 68 | -
Output Volt- 1
ape: - 0,6 ] 0.05 - 4] 0.05
Low-Level, - ¢10] 10 0.05 — 1] 0.06
— ot 0.05 = ,
Vo Mex. 5[ 5 o foos]
Oulput Volt:
ape: - 051 5 4.95 4.95 5 —
High- Leved, - low! 10 9.95 985 | 10 —
VOH Min. - 015 18 14.95 14.698 16 —_ LOMD CAMCITIACE (Cy J—pF .
Input Low 10545 — 5 1.5 — — 1.5 .
2 Fig. § — Typicat ton deiay time v lond
Voltage, 18 - 10 3 — - 3 ¢ Jﬁﬁmﬁ LD?KW SET 10 ?l.cmcx
Vi Msx. [TB135[ — [ 15 N -1 -1*1, o7 RESET 1o Dl
Input High {0545 | -~ | 5 a5 35 — —
Voltage, 19 — 10 7 7 — -
le Min, 15,135] - 15 n n — —
Input
Current, - los) 18 Y200 o | 21 | 21 ~ 21075201 | A
IEN MBK.
TigTh Famtd
» . o & r ¥ 9 i
N-mPre 7 _ fgig
AR A Fig. 6 — Typicsl propegeion deley time vi. load
*1im A e e capecitance (SET to U or AESET 10 O
[y | . '] s [} . [ . L] . L ]
[N LT T )
LOGC D LEw
LOGIC 1> mGH
& L EvEL &mmrald
¥ i e
'HQ—D:— ’ oL K013
sy L")
-, (1N 4]
suuw _'D’_D’_O ! x—-
O._J
140 v - 'n"hﬁﬂ‘g
70-vyy RSO "~
BIEM - 77 ORI
Fig 7= Logic 20dd trwth tabiy for CDEC1 I8
% mammmbh-;




CD4013B Types

MAXIMUM RATING 8, Abscfute~Mazimum Valves:
DG 8UPPLY-YOLTAGE RANGE, (Vpp)

Voltagen relorancad o Vg Temminall ... ... ... ..ot -0.5Vio +20%
MPUTVOLTAGE RANGE, ALLINPUTS .. ... ... .ot ieninenns, -0.5VioVpp +0.8Y
DG INPUT CURRENT, ANY ONE INPUT .. oot it iree i et e v e ieananna s £10mA
POWER DISSIPATION PER PACKAGE (Ppi

ForTam —BB0C L0 +100BG L\ ..o iisiierienetn e aine e rn e rrraaae e reee s er et rreran s 500mW

ForTam +100%C o #1259, ..o et cive e iai e e Darate Linaarly sl 12mwW/°C to 200mw
DEVICE DISStPATION PER OUTPUT TRANEISTOR

FOR T = FULL PACKAGE-TEMPERATURE RANGE (AT Packags Typee) .. .. .cc.ooovneneennennnn. ., 100mW
OPERATING-TEMPEAATURE RANOGE(TAY. ..ot ettt eiias i iiecee e e -885C 15 +1259C

STORAGE TEMPERATURE RANGE (Tgp) . ......... R T L T T T T, -85°C Io + 1500C
LEAD TEMPERATURE (DURING SOLDERINGY
Atdistance 1/1@ & 1/32ingh {1.59 £ 0.79mm) from cass for 108 max ......... F b erre e +285°¢

DYNAMIC ELECTRICAL CHARACTERIBTICS
Al Ta=25°C; Input bty = 20 ne, C = BB pF, R, = 20 k)

[FEST CONDIMIONS| LIMITS
B CHARACTERISTIC Voo (V) T AL UNITS
Propagation Delay Time: [ E =1 %0 |} 300 )
Clock 10 Q or Q Outputs 10 ] = as 130 ne
trru trun 15 o "5 [ 4]
5 - 150 300
Sal to Q or Resel 10 Q teu 10 - &8 130 ns
13 ~ as 20 :
— [ - 200 400
Set 1o Q or Ressot to Q by -10 —_ 85 170 " ne
2. - 1] 120
5 — | 00 | 200
Tranasition TIme tmy, tnn 10 - 50 100 ns
RRY — 40 80
Maximum Cioek Input [3 - 35 7 - .
Frequency¥ fc, 10 3 18 —_ MHz
15 12 24 -
5 - 70 130 -
Mintmum Clock Pulze Widih 10 - 0 ns
tw 15 — 20 40
Minimum Set or Resst Fuise 3 . - 180
Width tw 10 - 40 0 | m
W o= |
5 p 20 40
Minimum Dala Setup Time 14 10 _— 10 20 ns
15 - 7 18
5 - 2 5
Minimum Data Hold Tims ty 10 - 2 ns
15 — 2 5
Clock Input Rise or Fall Tima 5 —_ — 15
tCL oL 10 - - 10 "
15 - — 5
Input Capachance Cu Any Input - 5 15 pF

¥input t.t: = 5 ne.

A //
.\@P/

s /,
/ AMBHINT TEWMPERATURT T.I-u't
INPUT Ly haRDws

4 7 T

Ty v S0P mmct
Ly P ==

peil }1]] } lilli 4!
s srl 2 1!01’1 40.": IXY)

[ oad L3 13
IPyT FREQUBCY {ty)—Hy
. . -
Fig. 8 — Typical power dissipation

ve. frequency.
TEST CIRCUITS

Yoo

i —
INFPYTS

LY 2740 R1

Fig. 10 — Quisscent device current,

" iIemuTs OUTPUTY
-

._!?

Ll H
¥ TEAY ANY DME YT,
Vg TN OTMER MPUTS AT
Voo O gy

SEL4- 2TADOM

Fig. 1t — Input voltage.

F
b4bd
IRERL

LIs T Al )

Fig. 12 — Inpirt curvent.




Philips Semiconductors
L ______________________________________ ]

Quad 2-input AND gate

Product specification

74HCO08; 74HCTO8

FEATURES

» Complies with JEDEC standard no. 8-1A
+ ESD protection:

HBM EIAJJESD22-A114-A exceeds 2000 V
MM EIA/JESD22-A115-A exceeds 200 V.

« Specified from —40 to +85 °C and —40 to +125 °C,

QUICK REFERENCE DATA
GND =0V, Tamp=25°C;t, =t =6 ns.

DESCRIPTION

The 74HC/HCTO8 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
(LSTTL}. They are specified in compliance with JEDEC
standard no. 7A. The 74HC/HCTO8 provide the 2-input
AND function.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
T4HCO8 | 74HCTOB
tenteLy | propagation delay nA, nB to nY C . =15pF; Vec =5V |7 1 ns
input capacitance 35 3.5 pF
Cep power dissipation capacitance per gate |notes 1 and 2 10 20 pF
Notes
1. Cppis used to determine the dynamic power dissipation (Pp in uW).
Pp=Cppx Ve x§ix N+ Z{Cy % Ve x fo) where:
f; = input frequency in MHz;
f, = output frequency in MHz;
C| = output Inad capacitance in pF;
Ve = supply voltage in Volis;
N = total load switching outputs;
E{Cy x Vee? x f,) = sum of the outputs,
2. For 74HCO08: the condition is V) = GND to Vee.
For 74HCTOB: the condition is V, = GND to Ve — 1.5 V.
FUNCTION TABLE
INPUT OUTPUT
nA nB nY
L L L
L H L
H L L
H H H
Note

1.

H = HIGH voltage level;
L = LOW voltage level.

2003 Jul 25 2



Philips Semiconductors

Product specification

Quad 2-input AND gate

74HCO08; 74HCTO8

ORDERING INFORMATION

PACKAGE
TYPE NUMBER
TEMPERATURE RANGE PINS PACKAGE | MATERIAL CODE
T4HCOBN —40 to +125 °C 14 DIP14 plastic S0T271
TAHCTO8N -40 to +125°C 14 DIP14 plastic 80T271
T4HCO8D 4010 +125°C 14 sS014 plastic S0T108-1
T4HCTO8D —40to +125°C 14 sS04 plastic SOT108-1
74HCO08DB —40to +125°C 14 S50P14 plastic S0OT337-1
74HCTO8DB —40 to +125 °C 14 SS0P14 plastic S0T3371
T4HCO8PW 4010 +1256°C 14 TSSOP14 plastic S0T402-1
TAHCTO8PW —40to+125°C 14 TSSOP14 plastic S0T402-1
74HCO08BQ -40 to +125°C 14 DHVQFN14 plastic S0T762-1
T4HCTO8BQ -40t0 +125°C 14 DHVQFN14 plastic 80T762-1
PINNING
PIN SYMBOL DESCRIPTION
1 1A data input
2 1B data input
3 1Y data ocutput
4 2A data input
5 2B data input
6 2Y data output
7 GND ground (0 V)
8 3y data output
9 3A data input
10 e data input
" 4Y data output
12 4A data input
13 4B data input
14 Vee supply voltage
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Phitips Semiconductors

Product specification

Quad 2-input AND gate

74HCO8; 74HCTO08

1A Voo
oRG
1A[I EVCC 1B :23 - @ 48
|2 [13] 4B
1 [3) 4A
v [3 [12] 4a 4
a4 08 [11]av S ED) GND() | (1] av
28[5] 10] 3B ®m[5) (o] 38
= o1 2 [ Gl
oNo [7] BES m Q
2o Top view GND  3Y MCE183

(1) The die substrate is atlached lo this pad using conductive die
atiach material. it can not be used as a supply pin or input.

Fig.1 Pin configuration DIP14, 5014 and

(T)SSOP14. Fig.2 Pin configuration DHVQFN14.
A s 3
2 |3
L 1| a
Z_ED‘ 4
4 |2a —] & 6
2v| s 5 —
5 |28 :)——— =]
3 sA 3y| a 9
16 |38 - — & 8
10 —
D 1
13 148
MNAZZZ 12 & 1
13
MNAZ23

Fig.3 Logic symbol. Fig.4 IEC logic symbol.
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Philips Semiconductors Product specification

Quad 2-input AND gate 74HCO08; 74HCTO8

A A
B

MNBO37 B
MNADZ

Fig.5 HC logic diagram (one gate). Fig.6 HCT logic diagram {one gate).

RECOMMENDED OPERATING CONDITIONS

TAHCO08 T4HCTOB '
SYMBOL | PARAMETER CONDITIONS UNIT
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
Vee supply voltage 20 5.0 6.0 45 5.0 5.5 A
Vi input voltage 0 - Vee 0. - Vee v
Vo output voltage 0 - Vee 0 - Veo v
Tamb ambient see DC and AC -40 +25 +125 |40 +25 +125 |[°C
temperature characteristics per device
t & inputrise and fall |Vec =20V - - 1000 |- - - ns
times Vec =45V - 60 [s500 |- 60 [500 |[ns
Ve =6.0V - - 400 - - - ns
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 60134); voltages are referenced to GND (ground = 0 V).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vee supply voltage -0.5 +7.0 v
hk input diode current Vi< 05VorV>Ve +05V - +20 mA
lok output diode current Vo< -05VorVg>Vec+ 05V - +20 mA
lo output source or sink current D5V<Vg<Vec+ 05V - 125 mA
lee. lenp | Voo or GND current - +50 mA
Tsig storage temperature -65 +150 °C
Piat power dissipation
DIP14 package Tamb = —40 to +125 °C; note 1 - 750 mwW
other packages Tamp = —40 to +125 °C; note 2 - 500 mwW

Notes

1. For DIP14 packages: above 70 °C derate linearly with 12 mw/K.

2. For 8014 packages: above 70 °C derate linearly with 8 mW/K.
For SSOP14 and TSSOP 14 packages: above 60 °C derate linearly with 5.5 mW/K.
For DHVQFN14 packages: above 60 °C derate linearly with 4.5 mW/K.
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Philips Semiconduciors

Product specification

Quad 2-input AND gate

74HCO08; 74HCTO08

DC CHARACTERISTICS

Family 74HCO08B
Al recommended operating conditions; voltages are referenced to GND {ground = 0 V).
TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. | UNIT
OTHER Vee (V)
Tamp=25°C
Vi HIGH-level input voltage 2.0 1.5 1.2 - Vv
4.5 3.15 24 - Vv
6.0 4.2 3.2 - v
Vi LOW-level input voitage 20 - 08 0.5 Vv
45 - 21 1.35 Vv
6.0 - 28 1.8 Vv
Vor HIGH-level output voitage | V;=Viyor V)
lo=-20 pA 20 1.9 20 - v
lp =~20 pA 45 4.4 45 - v
ip=-4.0 mA 4.5 3.98 432 - v
o =-20 uA 6.0 5.9 6.0 - v
In=-5.2 mA 6.0 5.48 5.81 - v
VoL LOW-level output voltage |V, = Vyor V),
o =20 uA 20 - 0 0.1 v
lo =20 nA 45 - 0 0.1 v
lo =4.0 mA 45 - 0.15 0.26 v
lo =20 pA 6.0 - 0 0.1 v
lo =52 mA 6.0 - 0.16 0.26 v
I input leakage current V= Vgg or GND 6.0 - 0.1 +.0.1 HA
oz 3-state output OFF current | Vy = Vi or Vy; 6.0 - - +0.5 A
Vo =Vee or GND
lec quiescent supply current [ V) =Vccor GND; Ig =0 (6.0 - - 2 A
2003 Jul 25 6



Philips Semiconductors Product specification

Quad 2-input AND gate 74HCO08; 74HCTO8
TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. | UNIT
OTHER Vee (V)
Tamp = —40 to +85 °C
Viy HIGH-level input voltage 20 1.5 - - \'
45 3.15 - - v
6.0 4.2 - - v
Vie LOW-level inpul voltage 20 - - 0.5 Vv
4.5 - - 1.35 \'%
6.0 - - 1.8 v
Vou HIGH-level output voltage | V)= Viyor Vy,
lo = ~20 pA 2.0 1.9 - - v
lo=-20pA 4.5 4.4 - - v
fo=—40mA 4.5 384 - - \'%
lo=-20 pA 6.0 59 - - v
Ig=-5.2mA 6.0 5.34 - - Vv
Vou LOW-level output voltage |V, = Viqor VL
lo = 20 pA 20 - - 0.1 v
o =20 A 45 - - 0.1 v
lo=4.0 mA 45 - - 0.33 v
o =20 pA 6.0 - - 0.1 v
lp=52mA 6.0 - - 0.33 v
I input leakage current V)= Ve or GND 6.0 - - +1.0 RA
loz 3-stale output OFF current | Vi = Viy or Vi; 6.0 - - +5.0 HA
Vo = Ve or GND
loc quiescent supply current |V =Vgcor GND; Ip=0|6.0 - - 20 LA
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Philips Semiconductors Product specification

Quad 2-input AND gate 74HCO08; 74HCTO08
TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. | UNIT
OTHER Vee (V)
Tamb = —40 to +125 °C
ViH HIGH-level input voltage 20 1.5 - - v
4.5 3.15 - - v
6.0 4.2 - - v
ViL LOW-level input vollage 2.0 - - 0.5 \Y
4.5 - - 1.35 v
6.0 - - 1.8 v
Von HIGH-level output vollage |V, = Vinor Vi
lo = -20 pA 2.0 19 - - v
lo =20 pA 4.5 44 - - v
lo=—4.0mA 45 37 - - v
lo=-20 pA 6.0 59 - - v
o =-5.2 mA 6.0 52 - - v
VoL LOW-level output voltage |V, =V or ViL
lo =20 pA 2.0 - - 0.1 vV
lo =20 pA 4.5 - - 0.1 vV
lo=4.0 mA 45 - - 0.4 v
lg =20 pA 6.0 - - 0.1 v
lp = 5.2 mA 8.0 - - 0.4 v
T input leakage current V) = Vec or GND 6.0 - - +1.0 HA
loz 3-state output OFF current | Vi = Vi or V)i 6.0 - - +10.0 A
Vo = Ve or GND
lcc quiescent supply current |V, =Vcc or GND; I =0 [ 6.0 - - 40 pA
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Philips Semiconductors

Product specification

Quad 2-input AND gate 74HCO8; 74HCTO08
Family 74HCTO08
At recommended operating conditions; voltages are referenced to GND {(ground = 0).
TEST CONDITIONS
SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT
OTHER Vee (V)
Tamb =25 °C
Vi HIGH-leve! input voltage 45055 {20 1.6 - v
Vi LOW-level input voltage 451055 |- 1.2 08 vV
Von HIGH-level cutput voltage Vy=Viyor v
lo=-20 pA 45 44 45 - v
lo=—4.0mA 4.5 384 4,32 - A
Vou LOW-leve! output voltage Vi=Viyor vV
lo =20 pA 4.5 - 0 0.1 v
lo=4.0mA 45 - 0.15 0.26 v
I input leakage current Vi=VecorGND |55 - - +0.1 HA
loz 3-state output OFF current Vi=Viyor Vi 5.5 - - 105 A
Vo = Ve or GND;
|0 =0
lcc quiescent supply current Vi=VgcorGND; |55 - - 2 pA
|0 =0
Alge additional supply current perinput [V, =Vcc-21V; |451055 |- 60 216 WA
|0 =0
Tamb = —40 to +85 °C
Viy HIGH-level input voltage 45t05.5 (20 - - Vv
Vi LOW-level input voltage 451055 |- - 0.8 \
Vou HIGH-level output voltage Vi=ViyorV
lo=-20 pA 4.5 4.4 - - v
lo=—-4.0mA 45 3.84 - - v
Vo LOW-level output voltage Vi=Viyor vy,
lo =20 pA 45 - - 01 v
lo=4.0mA 45 - - 0.33 v
1 input leakage current Vi=VecorGND (556 - - +1.0 A
loz 3-state output OFF current Vi=Vigor vy, 55 - - 5.0 wA
Vo = Vee or GND;,
lo=0
Icc quiescent supply curent Vi=VccorGND; |55 - - 20 WA
IO =()
Alce additional supply current perinput |V|=Vcc-2.1V, |45t055 (- - 270 HA
lg=0
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Philips Semiconductors

Product specification

Quad 2-input AND gate 74HCO08; 74HCTO08
TEST CONDITIONS
SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT
OTHER Vee (V)
Tamb = -40 to +125 <C
Vi HIGH-leve! input voltage 451055 |20 - v
ViL LOW-level input voltage 451055 |- 0.8 v
Vou HIGH-tevel output voltage Vi=Vihor Vi
lo = -20 pA 4.5 4.4 - v
lo=—4.0mA 45 37 - v
VoL LOW-level cutput voltage Vi=Vigorvy
lo=20pA 45 - 0.1 Vv
lg=4.0mA 45 - 04 v
lu input ieakage current VI=VecorGND (55 - +1.0 A
loz 3-state output OFF current Vi=Viyor vy 5.5 - +10 LA
Vo = Ve or GND;
|0 =0
lec quiescent supply current V)= Vgcor GND; (5.5 - 40 LA
|0 =0
Algc additional supply current perinput |V, =Vee-21V: |451055 |- 294 LA
lo=0
2003 Jul 25 10



Philips Semiconductors Product specification

Quad 2-input AND gate 74HCO08; 74HCT08

AC CHARACTERISTICS

Family 74HC08
GND =0V, t =t = 6 ns; C_ = 50 pF.

TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
WAVEFORMS | Ve (V)
Tamb = 25 °C
teHLteLH propagation delay nA, seeFigs7and B8 [ 2.0 - 25 90 ns
nB to nY 45 - 9 18 ns
6.0 - 7 15 ns
triftn output transition time seeFigs7and B8 | 2.0 - 19 75 ns
45 - 7 15 ns
6.0 - 6 13 ns
Tamp = ~40 to +85 “C
teuLfteLH propagation defay nA, seeFigs7and 8 | 2.0 - - 115 ns
nB to nY 45 _ _ 23 ns
6.0 - - 20 ns
trLton output transition time seeFigs 7and B8 | 2.0 - - a5 ns
45 - - 19 ns
6.0 - - 16 ns
Tamb = 40 to +125 °C
tprteLn propagation delay nA, see Figs 7and B8 [ 2.0 - - 135 ns
nB to nY 4.5 - - 27 ns
6.0 - - 23 ns
FrHLATLH output transition time see Figs 7and 8 | 2.0 - - 110 ns
45 - - 22 ns
6.0 - - 19 ns
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Philips Semiconductors

Product specification

Quad 2-input AND gate

74HCO08; 74HCTO8

Family 74HCTO08
GND=0V;k=4=6ns; C_=50pF.
TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
WAVEFORMS | Vcc (V)

Tamp =25 °C
ter/tpLn propagation delay nA, seeFigs7and 8 |4.5 - 14 24 ns

nB to nY
trmu ity cutput transition time seeFigs 7and 8 [ 4.5 - 7 15 ns
Tamp = —40 to +85 °C
teHLteLH propagation delay nA, seeFigs7and 8 | 4.5 - - 30 ns

nB to nY
tTHLtTLH output transition time seeFigs 7and 8 (4.5 - - 19 ns
Tamb = —40 to +125 °C
teHteLH propagation delay nA, see Figs 7and 8 (4.5 - - 36 ns

nB to nY
trautrn output transition time seeFigs 7and 8 | 4.5 - - 22 ns
AC WAVEFORMS

nA, nB input yPVM Ym
*] TPHL 'PLH
VoH —— ey
nY outpul VM
MTTHL fTIH  mwarze

TAHCO8: Vi = 50%; V) = GND to Vee.
T4HCTO8: Viy =1.3V; V= GND to 3 V.

Fig.7 Waveforms showing the input (nA, nB) to output (nY) propagation delays and the output transition times.
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LM358, LM258, LM2904,
LM2904A, LM2904V,
NCV2904

Single Supply Dual
Operational Amplifiers

Utilizing the circuit designs perfected for Quad Operational
Amplifiers, these dual operationat amplifiers feature low power drain,
a common mode input voltage range extending to ground/Vgg, and
single supply or split supply operation. The LM358 series is
equivalent to one—half of an LM324,

These amplifiers have several distinct advantages over standard
operational amplifier types in single supply applications. They ean
operate at supply voltages as low as 3.0 V or as high as 32 V, with
quiescent currents about one-fifth of those associated with the
MC1741 (on a per amplifier basis). The common mode input range
includes the negative supply, thereby eliminating the necessity for
external biasing components in many applications. The output voltage
range also includes the negative power supply voltage.
® Short Circuit Protected Qutputs
® Tre Differential Input Stage

¢ Single Supply Operation: 3.0 V t0 32 V (LM258/LM358)
3.0V 1o 26 V(LM2904, A, V)

Low Input Bias Currents

Intemnally Compensated

Common Mode Range Extends to Nepative Supply

Single and Split Supply Operation

ESD Clamps on the Inputs Increase Ruggedness of the Device

without Affecting Operation

ON Semikconductor™

http:/lfonsemi.com

PDIP-8
N, AN, VN SUFFIX
8 CASE 626

S0-8
BQ D, VD SUFFIX

CASE 751

MicroB™
8 DMR2 SUFFIX
CASE B46A

PIN CONNECTIONS

ORDERING INFORMATION
See detailed ordering and shipping information in the package
dimensions section on page 10 of this data sheet.

DEVICE MARKING iNFORMATION

Ses genersl marking information in the device marking
section on page 11 of this data sheat.

© Semiconducior Components Industries, LLC, 2002 1
August, 2002 - Rav. 11

Publication Order Number:
LM3S8/D



LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

30ViaV '
0C|mm—||'}_—¢vcc Vcc é—_l_
= 1.5Vta Vg ax)
] - o ~ i
] = o - 1
‘:‘]- 1.5Vie VEEIM}
Yee/ond Vee
= YEE
Single Supply Split Supplies
Figure 1.
Bias Circuitry
Carmmon 1o Both

Outpul Amplifiers

M9

Q18 @20

Inputs

EO”
o—f a1y Q21 |:09
r/—“ Q8 | Q7+
j‘“ S (o0
A

Figure 2. Representative Schematic Diagram
{One—Half of Circuit Shown)

\8/

Vee/Gnd
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

MAXIMUM RATINGS (Ta = +25°C, unless otherwisa noted.)

LM258 LM2504, LMZ904A
Rating Symbol Lm3ase LM2904V, NCV2304 Unit

Power Supply Voltages vde

Single Supply Veo az 26

Spiit Supplies Vee, VEE +16 +13
Input Differential Voltage Range (Note 1) Vior 132 +26 Vdc
Input Commen Mode Vollage Range {Note 2) Vicr —0.310 32 —0.31026 Vdc
Output Shont Circuit Duration lsc Continuous
Junclion Temperature Ty 150 °C
Thermal Resistance, Junction—to—Air {Note 3) Ria 238 “Cw
Storage Temperature Range Taig ~5510 +125 °C
ESD Tolerance - Human Body Model (Note 4) - 2000 A
Operating Ambient Temperature Range Ta °C

LM258 -25to +85 -

LM358 Oto+70 -

LM2904/L M2904A - —40 10 +105

LM2904V, NCV2904 (Note 5) - -40to +125

QRL N2

Splil Power Supplies.

For Supply Voltages less than 32 V for the LM25&/358 and 26 V for the LM2804, A, V, the absclute maximum input voltage is equal lo the

supply voltage.

. RHJA for Case 846A.

ESD data available upon request.
NCV2904 is qualified for automotive use.

hitp://onseml.com
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

ELECTRICAL CHARACTERISTICS (Voo = 5.0V, Vee = Gnd, Ta = 25°C, unless otherwise noled.)

LM258 LM358
Characteristic Symbol Min Typ Max Min Typ Max Unit
input Offset Voltage Vio mV
Vec =5.0 V1o 30V (26 V for LM2004, V),
Vic=0VioVec-1.7V.Vg =14V Rg=00Q
Ta =25°C - 20 5.0 - 2.0 7.0
Ta= Thigh {Note 6) - - 7.0 - - 9.0
Ta = Tiow (Note 6} - - 7.0 - - 9.0
Average Temperature Coefficient of Input Offset AV gIAT - 7.0 - - 7.0 - uvrEc
Voltage
TA = Thigh to T|ow (NO‘E 6)
Input Offset Current o - 3.0 30 - 5.0 50 nA
Ta = Thigh 10 Tiow (Note &) - - 100 - - 150
Input Bias Current lia - —45 -150 - -45 -250
Ta = Thigh 10 Tiow (Note 6} - -50 -300 - -50 —~500
Average Temperature Coefficient of Input Offset Allg/AT - 10 - - 10 - pAC
Current
Ta= Thigh o Tiow (Note 6)
input Common Mode Voltage Range (Note 7), Vicr a - 283 o1 - 283 v
Voe=30V
{26 V for LM2904, V)
Vec =30 V(26 V for LM2904, V), 0 - 28 0 - 28
Ta = Thigh 10 Tiow
Differantial input Voltage Range Vipr - - Vee - - Vee v
Large Signal Open Loop Voltage Gain AvoL Vimy
Ry = 2.0 k&k, Ve = 15 V, For Large Vi Swing, 50 100 - 25 100 -
Ta = Thigh 10 Tigy {Note &) 25 - - 15 - -
Channel Separation cs - -120 - - ~120 - dB
1.0 kHz <1< 20 kHz, Input Referenced
Common Mode Rejection CMR 70 85 - 65 70 - dB
Rg <10 k(2
Power Supply Rejection PSR 65 100 - 65 100 - dB
Cutput Voltage—High Limit VoH v
Ta= Th@, 10 Tiow (Note 6)
Vec =50V, R =20k, Ty =25°C 33 35 - 3.3 35 -
Ve =30 V(26 Vfor LM2504, V), Ry =2.0 k2 26 - - 28 - -
Voo = 30 V(268 Vfor LM2904, V), Ry = 10 k2 27 28 - 27 28 -
Cutput Voltage—_ow Limil Voo - 50 20 - 50 20 my
Ve =50V, R =10k,
TA = ngh to TIDW (NO‘& 6)
Cutput Source Current lo+ 20 40 - 20 40 - mA
Vip=+1.0V, Vg =15V
Cutput Sink Current lo.
Vip=-10V.Vee=15V 10 20 - 10 20 - mA
Vip=-1.0V, Vo =200 mV 12 50 - 12 50 - pA
Cutput Short Circuil to Ground (Note 8) lsc - 40 60 - 40 60 mA
Power Supply Current (Total Device) lee mA
Ta= Thiﬂ'o to Tigw (Note 6)
Ve =30V (26 V for LM2904, V), Vg =0 V. R =« - 1.5 30 - 1.5 30
Voo =5V.Vg=0V, R == - 0.7 1.2 - 0.7 12
6. LM238: Tigy = —25°C, Thgh = +85°C LM358: Tygy = 0°C, Thigp = +70°C
LM2804LM2804A: Ty, = —40°C, Tiyign = +105°C LM2804V & NCV2904: Tipy = -40°C, Tpgh = +125°C

NCV2904 is qualifted for automotive use.

7. The Input common mode voltage or either input signal voltage should not be allowed to go negativa by more than 0.3 V. The upper end of
the common mode vollage range is Vo —1.7 V.

8. Short circuits from the output to Voo can causae excessive heating and eventual desiruclion. Desfructive dissipation can result from
simultaneous shorts on all amplifiers.

http:/lonseml.com
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

ELECTRICAL CHARACTERISTICS (Ve = 5.0V, Vi = Gnd, Ty = 25°C, unless otherwise noted.)

LM2904 LM2904A LM2904V, NCV2904
Characteristic Symbol | Min | Typ { Max | Min | Typ | Max | Min | Typ | Max | Unit
Input Offset Voltage Vio my
Ve =5.0V o030 V (26 V for LM2904, V),
Vic=0VioVee-17V.Va=14V, Rg=00Q
Ta=25C - 20| 70 - 20 1 70 - - 7.0
TA= Thid’l (Note 9} - - 10 -~ - 10 - - 13
Ta = Tiow {Note 9) - - 10 - - 10 - - 10
Average Temperature Coefficient of Input Offset AV/AT | - 7.0 - - 7.0 - - 7.0 — | pVvieC
Voltage
Ta= Thigh to Tip (Note 9)
Input Offset Current Lo - 50 50 - 5.0 50 - 5.0 50 nA
Ta = Trigh 10 Tioy (Note 8} - |45 J200| - | 45 J200 | - | 45 | 200
Input Bias Current B - -45 |-250 | -~ | 45 |00} - —45 [-250
Ta = Thigh 10 Tiow (Note 9) - -50 |-500| - | -50 |-250] - -50 |-500
Average Temperature Coefficient of input Offset Aljg/AT - 10 - - 10 - - 10 - pA°C
Current
Ta = Thigh 10 Tiow (Note 9)
Input Common Mode Voltage Range {Note 10), Vicr 0 - 243]1 0 - 2431 0 - 243 v
Vee =30V {26 V for LM2904, V)
Vee = 30 V(26 V for LM2504, V), 0 - 24 0 - 24 0 - 24
Ta= Thlgh 10 Taw ’
Differential Input Voltage Range Vior - - Vee | - - Vee | - - Vee v
Large Signal Open Loop Voltage Gain Aol Vimy
Ry = 2.0k, Voo = 15 V, For Large Vo Swing, 25 | 100 - 25 | 100 - 2% | 100 -
Ta = Thigh 10 Tiow (Note 9) 15 - - 15 | - - 15 b - _
Channel Separation CcS - |-120) - - 1-120 - - |-120]| - dB
1.0 kHz < € 20 kHz, Input Referenced
Common Mode Rejection CMR 50 70 - 50 70 - 50 70 - dB
Rg < 10k()
Power Supply Rejection PSR 50 | 100 - 50 | 100 - 50 | 100 - dB
Quitput Vollage—High Limit Vor v
Ta = Thigh to Tigw (Note 9}
Ve =50V, RL= 2.0k, Ty = 25°C 33| s - 33135 - 33135 -
Vee =30 V(26 Vfor LM2904, V), Ry = 2.0 k) 22 - - 22 - -~ 22 - -
Voo =30V {28 Vfor LM2904, V), R = 10k 23 24 - 23 24 - 23 24 -
Cutput Voltage—Low Limit Vai - 50 20 - 50 20 - 5.0 20 mv
Vcc= S0V, RL=10kQ,
TA = Thlgh to wa (NOtG 9)
Output Source Current lo+ 20 | 40 - 20 40 - 20 40 - mA
Vip=+10V, V=15V
Qutput Sink Current lo—
Vip=-10V,Vec=15V 10 20 - 10 20 - 10 20 - mA
Vip=-1.0V, Vg =200 mV - ~ - - - - - - - pA
Output Short Circuit lo Ground {Note 11) Ise - 40 60 - 40 60 - 40 60 mA
Power Supply Current (Total Devica) lec mA
Ta = Thigh t0 Tiow (Note 8)
Voo =30 V(28 Vfor LM2904, V), Vg =0V, - 15 1 3.0 - 15 | 3.0 - 15 | 30
RL = oo
V=5V, Vg=0V,R == - 07 | 1.2 - 07 | 1.2 - 07 | 12
9. LM258: Tyny = —25°C, Thigh = +85°C LM358: Ty = 0°C, Thygn = +70°C
LM2B04/LM2804A. Tioy, = —40°C, Thygh = +105°C LM2004V & NCVZW:@W =—40°C, Thigh = +125°C

NCV2904 is qualified for autormnolive use.

10.The input commen mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of

the common mode voltage range I8 Ve -1.7 V.

11. Short circuits from the oulput to Voe can cause excessive heating and eventual destruction. Destruclive dissipation can result from

simultanecus shorts on all amplifiers.
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

50k
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[
L y
50K
10k Voo
Vm'.—IP—‘VVv 1}2
LM358 ¢ Vo
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Vrd=_;VCC = F ZT[RC H
4 {_w or. fp=10kHz
Vo = 2.5\:(1»%) | R A< 16K
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Figure 10. Voltage Reference Figure 11. Wien Bridge Oscillator

Hysteresis

Rl
Vil = B, e (Yor- Viet Vi Viet

Rt
Vol = By, gz (YoH - Viet + Vi

=C{ b) {8 -
8y ftra+ ”32 ey H=ﬁ (VOH_VOL]

Figure 12. High Impedance Differential Amplifier Figure 13. Comparator with Hysteresis

\ =7 xRC
‘g‘?r‘v R1= QR
Vi'l c1 _,jl Vrd"i VCC
—(— Re-fL
RI=Typ
Ci=10C
For f, =1.0kHz
VM Q =10
Tep =1
Ty =t
1
e Noch Guiput R =160 k62
C =0.001|.1F
R1 =18 MQ
i Veu Whera: Tgp = Contor Frequency Gain A2 = 1.6 M2
o e N R3 = 1.6 M2

Th = Passband Notch Gain

Flgure 14, Bl-Quad Fitter

hitp://onsemi.com
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

Ri
Vin
Given: 1, = center requency
All) = gain at center frequency
Choose value £, C
) __Q
Vit = 12 Voo Triangle Wave Rz Then: R3= f,C
QOutput ¢ AN
300 k At - A3
Viet o A3 ~ 2 Al
O———AM— o
. 5k obe A2 = D:"J
A S0k, Square 40°R1-R3
|»—~——{ h Ve g;‘;a "t For loss than 10% error from operational amplifier. % <D
";: : Whers 1, and BW are expressed in Hz.
- R1+Re A = jirdal H source impedance vanes, filter may be preceded with vollage
4CRy A1 A2 + At follower bufter 1o stabilize fiter parameters.

Figure 15. Function Generator Figure 16. Multiple Feedback Bandpass Filter

http:flonsemi.com
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Features
* Compatible with MCS-51™ Products
» 2K Bytes of Reprogrammable Fiash Memory
— Endurance: 1,000 Write/Erase Cycles
2.7V to 6V Operating Range
Fully Static Operation: 0 Hz to 24 MHz
Two-Level Program Memory Lock R

128 x 8-Bit Intarnal RAM
15 Programmable /O Lines
Two 16-Bit Timer/Counters

Six Interrupt Sources ' B'Bit

Programmable Serial UART Channel .

O Chin Analog Comarator Microcontrolier

Low Power ldie and Power Down Modes With 2K Byt es
Description Flash

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2K Bytes of Flash programmable and erasable read only memory (FEROM). The
device is manufactured using Atmel's high density nonvolatile memory technology

and is compatible with the ingustry standgrd MCSg1 ™ instruction sét. By combining ATBgC2051
a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel ATBSC2051 is a pow-
erful microcomputer which provides a highly flexible and cost effective solution to
many embedded control applications.

The AT89C2051 provides the following standard features: 2K Bytes of Flash, 128
bytes of RAM, 15 V/O lines, two 16-bit timer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator, on-chip oscillator
and clock circuitry. In addition, the AT83C2051 is designed with static logic for opera-
tion down to zero frequency and supports two software selectable power saving
modes. The Idle 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 Configuration

PDIP/SOIC
A

RSTNVPP [ 4 20 [0 vee

(AXD) P3.0 ] 2 19 [0 P17

{TXD) P3.1 1] 3 18 [ P16

XTAL2 (] 4 17 |1 P15

XTAL1 ] 5 16 01 P14

(INTO) PR.2 ] 6 15 [ P1.3

(INT) Pa.a ] 7 14 1 P12
(ToyP34r]s 13 [0 P1.1 {AIN1)
(TiyPas ] g 12 {1 P1.0 (AING)

GND ] 10 113 P37

0368D-B—12/97
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Block Diagram

Vee : .
‘ RAM ADDR,
aNp | REGISTER RAM FLASH [@———— - - :
= 5
= v Y 5
: 4 4 ;
: | '
; | .
' v h 4 H
- PROGRAM :
> B STAGK :
: REGISTER ACC POINTER ADDRESS ¢ !
g 4 3
4 »  BUFFER ;
; TMP2 TMP1 . :
; | !
. ! ;
: =
: ' PC oo
: ALU INCREMENTER !
: 1 :
: | INTERRUPT, SERIAL PORT, i
! AND TIMER BLOGKS !
; Y i .
; | PROGRAM !
: psw § | GOUNTER :
1 | '
' ! :
: F ‘r :
: 1 :
1 TIMING :
_ INSTRUCTION A # \ 4 »
RST T AND . U SN SO DPTR !
! conTRoL REGISTER i i Ly !
! PORT 1 PORT 3
; ANALOG LATCH LATCH :
! GOMPARATOR c '
. [+ :
Ll —_—— A—«E v
0sC A 4 |
; PORT 1 DRIVERS -#  POAT 3 URIVERS :
v
P10-P17 P3.0 - P3.5 P3.7
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s A T89C 2051

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 1

Port 1 is an B-bit bidirectional 1/O port. Port pins P1.2 to
P1.7 provide internal pullups. P1.0 and P1.1 require exter-
nal pullups. P1.0 and P1.1 also serve as the positive input
(AINO} and the negative input (AIN1), respectively, of the
on-chip precision analog comparator. The Port 1 output
buffers can sink 20 mA and can drive LED displays directly.
When 1s are written to Port 1 pins, they can be used as
inputs. When pins P1.2 to P1.7 are used as inputs and are
externaily pulled low, they will source current () because
of the internal pullups.

Port 1 also receives code data during Flash programming
and verification.

Port 3

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional /O
pins with internal pullups. P3.6 is hard-wired as an input to
the output of the on-chip comparator and is not accessible
as a general purpose O pin. The Port 3 output buffers can
sink 20 mA. When 1s are written to Port 3 pins they are
pulied high by the internal pullups and can be used as
inputs. As inputs, Port 3 pins that are externaily being
pulled low will source current () ) because of the putiups.

Port 3 also serves the functions of various special features
of the ATBIC 2051 as listed below:

Port Pin ARternate Functions
P3.0 RXD {serial input port)
P3.1 TXD (serial output port)
P32 INTO (external interrupt 0) o
P33 INTT (external interrupt 1)
P3.4 TO (timer 0 external input)
P35 T1 (timer 1 external input)

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

RST

Reset input. All I/O pins are reset to 15 as scon as RST
goes high. Holding the RST pin high for two machine cycles
while the oscillator is running resets the devige.

Each machine cycle takes 12 oscillator or clock cycles.

XTAL1

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

AIMEL

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 external clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Figure 1. Oscillator Connections

c2
— I ] XTAL2
c1 T
o} o — xTaLl
. GND

Note: C1,C2 =30 pF + 10 pF for Crystals

= 40 pF £ 10 pF for Ceramic Resonators
Flgure 2. Extemal Clock Drive Gonfiguration

NG - -l XxTAL2
EXTERNAL

OSCILLATOR —————— XTAL1
SIGNAL

GND

4-17
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Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in the table below.

Note that not alf of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

Table 1. AT89C2051 SFR Map and Reset Values

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of
the new bits will always be 0.

OFOH | B - 0F7H
00000000
0EBH DEFH
0EQOH ACC ) N QE7H
00000000
0DBH ) O0DFH
0DOH |  PSW R i 0D7H
Q0000000
0C8H OCFH
0COH QC7H
0B8H B P B 0BFH
XOXX00000
0BOH P3 0B7H
11111111
0A8H IE Q0AFH
0XX00000
0AOH 0A7TH
98H SCON SBUF 9FH
00000000 JOOMOOK
S0H P1 97H
111111114
88H TCON TMOD TLO TLY THO TH1 8FH
00000000 000QQ000 00000000 00000000 00000000 00000000
80H SP DPL DPH PCON 87H
00000111 00000000 00000000 QXX X0000
418 AT89C2051 s —
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Restrictions on Certain Instructions

The AT89CZ2051 and is an economical and cost-effective
member of Atmel’s growing family of microcontroliers. It
contains 2K bytes of flash program memory. Itis fully com-
patible with the MCS-51 architecture, and can be pro-
grammed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind when
utilizing certain instructions to program this device.

All the insfructions related to jumping or branching shouid
be restricted such that the destination address falls within
the physical program memory space of the device, which is
2K for the ATBIC2051. This should be the responsibility of
the software programmer. For example, LIMP 7EOH would
be a valid instruction for the AT89C2051 (with 2K of mem-
ory), whereas LJMP 900H would not.

1. Branching instructions:
LCALL, LUMP, ACALL, AJMP, SIMP, JMP @A+DPTR

These unconditional branching instructions will execute
correctly as long as the programmer keeps in mind that the
destination branching address must fall within the physicai
boundaries of the program memory size (locations 00H to
7FFH for the 89C2051). Violating the physical space limits
may cause unknown program behavior.

CJNE[...], DINZ[...], JB, JNB, JC, NC, JBC, JZ, JNZ With
these conditional branching instructions the same rule
above applies. Again, violating the memory boundaries
may cause erratic execution.

For applications invoiving interrupts the normal interrupt
service routine address locations of the 80C51 family archi-
tecture have been preserved.

2. MOVX-related instructions, Data Memory:

The ATB9C2051 contains 128 bytes of internai data mem-
ory. Thus, in the AT89C2051 the stack depth is limited to
128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, nor is exter-
nat PROGRAM memory execution. Therefore, no MOVX
[...] instructions should be included in the program.

A typical BOCS51 assembler will still assemble instructions,
even if they are written in violation of the restrictions men-
tioned above. It is the responsibility of the controller user to
know the physical features and limitations of the device
being used and adjust the instructions used correspond-
ingly.

ATET

Program Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features fisted in the table below:

Lock Bit Protection Modes("

Program Lock Bits
LB1 LB2 : Protection Type
1 U (¥ No program leck features.
2 P U Further programming of the Flash
is disabled.
3 P P Same as mode 2, also verify is
disabled.
Note: 1. The Lock Bits can only be erased with the Chip Erase
operation,
Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. 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.

P1.0 and P1.1 should be set to "0’ if no external pullups are
used, or set tc "1’ if external pullups are used.

It shouid be noted that when idle is terminated by a hard-
ware reset, the device normally resumes program execu-
fion, from where it left off, up to two machine cycles before
the intenal reset algorithm takes control. On-chip hardware
inhibits access to internal 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.

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 cn-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. 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 osciltator to restart and sta-
bilize.

P1.0 and P1.1 should be set to 'O’ if no external pullups are
used, or set to "1’ if external pullups are used.

419
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Programming The Flash

The ATB9C2051 is shipped with the 2K bytes of on-chip
PEROM code memory array in the erased state (i.e., con-
tents = FFH) and ready to be programmed. The code mem-
ory array is programmed one byte at a time. Once the array
is programmed, to re-program any non-blank byte, the
entire memory array needs lo be erased electrically.

Internal Address Counter: The AT89C2051 contains an
internal PEROM address counter which is always reset to
000H on the rising edge of RST and is advanced by apply-
ing a positive going pulse to pin XTAL1.

Programming Algorithm: To program the AT89C2051,
the following sequence is recommended.

1. Power-up sequence:
Apply power between V- and GND pins
Set RST and XTAL1 to GND

2. Setpin RSTto 'H'
Setpin P3.21c’H

3. Apply the appropriate combination of 'H’ or 'L’ logic
leveis to pins P3.3, P3.4, P3.5, P3.7 to select one of the
prograrnming operations shown in the PEROM Pro-
gramming Modes table.

To Program and Verify the Array:

4. Apply data for Code byte at location 000H to P1.0 to
P1.7.

5. Raise RST to 12V to enable programming.

6. Puise P3.2 once to program a byte in the PEROM array
or the lock bits. The byte-write cycle is self-timed and
typically takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V to
logic 'H' level and set pins P3.3 to P3.7 to the appropiate
levels. Output data can be read at the port P1 pins.

8. To program a byte at the next address location, pulse
XTAL1 pin once to advance the internal address counter.
Apply new data to the port P1 pins.

8. Repeat steps 5 through 8, changing data and advancing
the address counter for the entire 2K bytes array or until
the end of the object file is reached.

10. Power-off sequence:
set XTAL1to 'L
set RST to 'L’

Turn Ve power off

Data Polling: The ATB9C2051 features Data Polling to
indicete 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 data on P1.7. Once the write cycle
has been comptleted, true data is valid on all outputs, and
the next cycle rmay begin. Data Polling may begin any time
after a write cycle has been initiated.

4-20

Ready/Busy: The Progress of byte programming can also
be monitored by the RDY/BSY output signal. Pin P3.1 is
pulled low after P3.2 goes High during programming to indi-
cate BUSY. P3.1 is pulled High again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed code data can be read back via the data lines
for verification:

1. Reset the intemal address counter to 000H by bringing
RST from 'L’ to 'H'.

2. Apply the appropriate control signals for Read Code data
and read the output data at the port P1 pins.

3. Pulse pin XTAL1 once to advance the internal address
counter.

4. Read the next code data byte at the port P1 pins.
5. Repeat steps 3 and 4 until the entire array is read.

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 PEROM array (2K bytes) and the
two Lock Bits are erased electrically by using the proper
combination of control signals and by holding P3.2 low for
10 ms. The code array is written with all "1"s in the Chip
Erase operation and must be executed before any non-
blank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000H, 001H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values retumed are
as follpws.

{000H) = 1EH indicates manufactured by Atmel
{001H) = 21H indicates 89C2051

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 controt 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.

AT89C2051 memssssseess———
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AX34063AP / AX34063AS

DC-to-DC Converter Integrate Circuit Devices

Description

The AX34063A Series is a monolithic control circuit containing the pimary functions required
for DC-to-DC converters. These devices consist of an internal temperature compensated
relerence, comparator, controlled duty cycle oscillator with an active current limit circuit,
driver and high current output switch. This series was specifically by Avantics
Microelectronics Comp.

Features

+ 3V 10 40V Input Voltage Operation

« Internal 1.6A Peak Current Switch

« |nternal +1.8% Reference

« Low Quiescent Current at 1.6mA

* Frequency Operation from 100Hz~100KHz

« Qutput Voltage Adjustable

e Active Current Limiting

* Step-Up, Step-Down or Inverling Switching Regulators

Pin Connections

81lead Plastic DIP-8

Package Code: P

8-lead Plastic SO-8

Package Code: S

S5 16115 Pin1: Switch Collector (SWC) Pin5: Comparater Inverting Input (FB)
Pin2: Switch Emitter {SWE) Pin6: Voltage Supply (Voc)
o Pin3: Timing Capacitor (TC) Pin7: Ipk Sense (Ipk)
b}
UIE|ERIEY Pin4: Ground (GND) Pin8: Voitage Driver Collector (DRC)

Absolute Maxium Rating

Parameter Symbol Value Unit
Power Supply Voltage Vee 40 \Y
Comparator Input Voltage Range Vi, -0.3~+40 v
Switch Collector Voltage Vesm 40 v
Switch Emitter Voltage Vene 40 v
Switch Emitter to Collector Voltage Vee 40 v
Driver Collector Voltage Veiory 40 v
Switch Current low 1.5 A
Power Dissipation at T,=20°C P, DiP-8 1.25 w

S0-8 0.625

Operating Ambient Temperature Range Topr 0~+70 °C
Storage Temperature Range Tog -65~+150 *C
Operating Junction Temperature - 120 °C
Thermal Resistance Junction-ambient 6JA 125 ‘CW

AVANTICS - AX34063AF, AX34083AS Specification No.: 050308-FE0007
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Electrical Characteristics (v_-5v.1,=0-70°C, unless otherwise spacified)
Parameter | Symbol Test Condition | Mmin. [ Typ. | Max. | unit
Oscillator
Charging Current long Vee=5~40V, Ta=25°C 10 25 40 uA
Discharge Current Lseng Voe=5~40V, Ta=25°C 140 190 240 UA
Frequency fose Vems=0, C;=1nF, Ta=25°C 28 33 40 KHz
Discharge to Charge Current Ratio bisengtng | Venr=Vee, Ta=25°C 52 6 7.5
Current Limit Sense Voltage Viek Viischg=leng, T@=25°C 250 300 350 my
Qutput Swilch
Saturation Voltage,
Y 1T | law=1A, Voam=V - 1 1.3 v
Darlington Connection CEisat W Sy T CDR)
Saturation Voitage Voepan2 | lsw=1A, lepr=50mA - 04 0.7 v
DC Current Gain hee lsw=1A, V=5V 35 120 -
Collector Off-State Current lecom V=40V, Ta=25°C - 10 100 uA
Comparator
Threshold Voltage Veg 1.23 126 | 1.27 v
Threshold Voltage Line Regulation AVig Vie=5~40V - 15 6 mv
Input Bias Current 1y V=0V - 40 400 nA
Total Device
Voc=6~40V, Voy=Vee, Vans> Vs,
Supply Current lec C,=0.001uF, Pin7=GND, Remaining - 16 3 mA
pins open
Block Diagram
SC O DRI
Pin1: 1.6A Switch Collector Pin8: Driver Coltector
Q2 Q sHH
Q1 R [0+
' O IPK
SE l Pin7: Highside Current Sense
Pin2: Darlington Switch Emitter oT IPK Input, VCC-VIPK=300mV
Oscillator
o —O VCC
ing: |
Pin3: Oscilletor Timing Capacitor Comparator Pin6: Power Supply Input
1.26V
Reference Voltage
GND —_, O FB
Pin4: Power GND Pin5: Feedback Comparator
Inverting Input

AVANTICS - AX34083AP, AX34063AS Specification No.: 050308-FEQ007
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Application Information
Design Formula Table
Calculation Step-Down Step-Up Voltage-Inverting
Lol (VourtVEMVingrin) ~Vsar-Vour) Vourt Ve-Vinmiea W (Vingriny Vear) (Vo *VEX(V itmon Vaat)
(tonHoy) Max 1/F in VF in F in
cC, 4*10%,, 4%10%,, 4*10%,,
lesu 2 ayimen 2N on o/ o) 2" gyt /o)
R 0.Mgem) 0. M 0. giom
Lteiny {Vingminy™V sat bpgsm) Tonimay (Viogminy Vet lokiomy) tangmeny (Mingrin Vst lokisw) tonmany
Co {loksn o toam (8" Vopomep.ry) lout"tor Vippietp-p) Lo tonViippieip-r)

V.- Saturation voltage of the output switch.

V,;: Forward voltage drop of the ringback rectifier.

The following power supply characteristics must be chosen:

V,,: Nominal input voltage.

V... Desired output voltage. |V, §=1.25*(1+Rg/R,}

I, Desired output current

F.... Minimum desired output switching frequency at the selected values for Vin and lout.

Viunnerr-p): Desired peak to peak output ripple voltage in practice, the calculated value will need to be increased due to the capacitor
equivalent series resistance and board layout. The ripple voltage should be kept to a low value since it wil directly effect the line
and load regulation.

AVANTICS - AX34063AP, AX34063AS Specification No.. 050308-FEOQO7
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Application Information (continuos;
Fig.2 Step-Up Converter
L, D
Vo
R 2000H 28V / 200mA
1
1500 AX34063A
Cou
Rsc 8 1 220uF
0.22 7 2
Y
e 6 3
Im s 4 1 ¢
100uF :L ISBODF
= Rg = = = =
AN
Ra 47kS)
2.2k0)
Line Regulation: 100mV {V,=BV~16V, @l,=200mA}
= Load Regulation: 5mV (V, =12V, @I,=80mA~200mA)
Fig.3 Step-Up Converter With External NPN Switch s
L, N v
Y'Y Y™ . out
VL 3
Ri ¢ ax34063A D
8 1
Rse .V A< Ca
7 2 I\Qt
" ° A ¢
C, C, 2
1 —n T
= Rg = = = = =
AN
R
Fig.4 Step-Down Converter
Vo
5V / 500mA

AVANTICS - AX34083AP, AX3I4063AS

Cout
I 470uF

Line Regulation: 40mV (V,=10V~20V, @I,=500mA)

Load Regulation: 5mV (V,,=15V, @l,=10mA~500mA)
Short Circuit Current 1.3A (V,=15Y, @R, =0.10Q

Specification No.: 050308-FEQO07
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