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ABSTRACT

The PCB Drilling Machine proposed in this report consists of three
mainparts : Mechanical Electronic and Computer systems. Three soft slings
D22 pieces of small pulleys are used for mechanical power tranmission from
the motor shaft to the drilling head which will be driven to the previously
programmed position. The motor driving torque will be developed by a
stepping motor which is again energized by a switching power circuit using
power mosfet as a power switching device. The switching sequence of the
power transintors in the circuit will be controlled by a digital control system.
The data from the computer circuit is first transmitted top the digital control
circuit and is stored in the memory unit . Then the data in the memory units
processed by the microprocessor in term of x, y coordinate which is the position
for the drilling head to move to. At this position, the drilling is processed by
the drilling head along z axis .

The movement of the drilling head is divided in small step called
"micro-step” each of which the shortest path is selected for. All movement and
drilling are processed by the well-known programe called "protel" . The data
can be applied to the input of the machine in two diffrent forms; that is, circuit
diagram or printed curcuit. Then, all the data will be transformed into the
drilling positions of X,y coordinates . So, the drilling position with a very small
error can be obtaines by this direct method of data transfer.

However, there is a small error occured in positioning of stepping motor
because of its interia . This problem may be gotten rid of in the future by
using servo system . A servo system is one of feedback control . By using this
method , the positioning of stepping motor will be more accurate. But we must
also take a look for system stability too.
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M43
TO1F00S00
TO2F00S00
TO3F00S00

%

TO1
X0015Y0015
X00175Y03725
Y04125
X0015Y0745
X2548Y25

" Y15248
X9845Y1524
Y151

TO2
X09825Y07425
X090011Y1254
Y12547
X5862Y459
X42456

TO3
X54587Y2154
M30

o { o o
1019 doyamsnizfidlu Tool table $U31910 TUs1ATY Protel

TEST.TOL

PROTEL TRAXPLOT Version 1.56

NcDrill Tool Loading Specification

PCB File : CAPROTELNAUTOTRAX\DEMO.PCB
Date  :17/03/1995

Time : 14:31:44
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TEST.OUT
TO1 30
X00150Y00150
X00175Y03725
Y04125
X00150Y07450
X98450Y15140
Y15240
X25480Y15248
Y25080

TO2 28
X09825Y07425
X09001Y12540
Y12547
X58620Y45900
X42456

TO3 25
X54587Y2154
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T

Y

No——> E=N/ No

Yes

Yes—————p &
No
* y 4 y
POINTER = POINTER = POINTER =
POINTER + C POINTER + N } POINTER + E

E is a decreasing step
N is a maximum pointer pointing

C is a increase step

sUN U1 uRunLaaImsiIuYes T sunsudaud delayxy
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=

checking key

from stop or start

y

return to branched
program

from tool

status

main from number

]

convert ascii key to
binary value

\ 4

return to source key

JUN 0.2 uRuA LAY ed T SUnINEIY enter
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-

clear interrupt flip flop

4

return from interrupt to next
line

<t checking stop
status
=ff
y v
store buffadd and jump compare key and jump
to key routine to key routine

TUR 9.3 uHumNIEaININUYed TUsunsuaau iq
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wait for key
_ pressing

yes

v

jump to irg

SUM 0.4 uHUATNUAAIM 3984 1USUATHAIU main
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( start >

staore keystatus

scdr full ?

yes
Y no

store data

yes

v

byte display

main

U .5 unummiaasnsiuvee TuUsunsuaau load
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A 4

X = table1
y = table2

INX
INY

< Yes ] phase end ?

no

start new dac table

half phase ? Yes—————P

rotate exciting phase

rotate exciting phase

4

table1 = x
table2 =y <
rts

sUN 4.6 UHUANLAAINTTIINYB T1SUNITNEIU microx, microy
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=

Xp"X, = dX
Y¥, =dy
¢ = 0001
n=n+1

micro_x
dx =dx-1
c=c+1

no

yes

¢ = 0000

A

micro_y
dy =dy -1

c=c+1

dy=07? No

A 4

=

5 9.7 urunLAImMIieIuYee TUsUAsNEIU move
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convert data to
binary

s

U 9.8 UwUAWLAAINITHINYBY TUSUATUEIU newxy
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=

store key status

r—key number

4

number
key enter

v

enter

key number

y

key enter
v

number

enter

main

JUN 0.9 unuMIEAINTIUYBS TYSUATNE I offset
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«——Yes

A

jump to ready

————Yes

Yes

.

crossing 0d Oa
and jump to ready

zero filling and
decrease b

character=Y

character < 30h

No
inx
iny
store character
decrease b

]
I=

sUh w10
LLN‘HI’T]'Wllﬁﬂﬁﬂ'liﬁ'l\ﬂu‘llﬂ\ﬂﬂiuﬂiﬂ
A Ureadx
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yes
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C pc program )

input source file output
file and tool selective

reformatting data

. sorting data

gettoolfile

sending and end

lLNUﬂWﬂL’c’TﬂQﬂ’ISﬁ'N']N‘U’ENIllSllﬂiﬁﬁlﬂlgﬂﬁﬁ'llmﬁﬁﬂ']il%'l&’

sending ?

b

sU7 w11

: a A
TunTsenounuadIaIUYAAD

no

end
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character < 30h

-}

Yes

No

.y

inx
iny

store character
decrease b

crossing 0d Oa
and jump to ready

zero filling and
decrease b

SUN 912 U UAHUEAINTHIUYB T SUATUEIU ready



first character= T

readt No
——Yes first character = X
y

readx No
——VYes first character = Y

rea'dy No

-No

Y

first character = M

jump to main program

JUR .13 unumwiaaInIsiuYed 1Usunsuau search



STORE STATUS

change tool
type

YES

ENTER
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SECTION 13

ELECTRICAL SPECIFICATIONS

This section contains the electrical specifications and associated timing in-
formation for the MC68HC11F1 MCU.

13.1 MAXIMUM RATINGS

Rating Symbol Vaiue " Unit This device contains protec-
tive circuitry against damage
Supply Voltage Voo | =03 -70] Vv due to high siatic voliages or

electrical fields: however, it

Input Vottage Via ~03w -70 v ; :
is advised that normal pre-
Opera:ing Temperature Range Ta Teto Ty [od cautions be taken {0 avoid
-40to 85 application of any voltages
= higher than maximum-rated
Sterage Temperaiure Range Teia - 5310 150 C vogltages {0 this high-imped-
Currant Drain per Pin™ Ip 25 mA ance circuit. Reliabil‘ity of op-
Léxcluding VDD- VSS- Vay. and Var eration is enhanced if unused
inputs are tied to an appro-

¥One pin at a time, odserving maximum power dissipation nmas. priate logic voltage level (e.g..

either GND or Vo).

13.2 THERMAL CHARACTERISTICS

Characteristic Symbol Value Unit
Thermal Resistance : "ja cw
Plasuc 68-Pin Quad Pzck (PLCC) S0 1

13.3 POWER CONSIDERATIONS

LA MOTOROLA

The average chip-junction temperature, Ty, in ‘C can be obtained from:
Ty=Ta=(Pp-tga) (1)

where:

TaA  =Ambieat Temperature, °C

8ja =Package Thermal Resistance, Junction-to-Ambient, ‘C'W

PO =PINT-PIQ

PINT =Ippx*Vpp, Watts — Chip Internal Power

Pio =Power Dissipation on Input and Output Pins — User Determined
For most applications P O<PINT and can be neglected.

The following is an approximate relationship between Ppand Ty (if P is

neglected):
PD=K=+i{Ty+273C) . (2)

MCE8HC11F1 TECHNICAL DATA ) 13-1



Solving equations (1) and (2) for K gives:

K=Pp «(Ta+273°C)+ 84 * Pp2 (3)
where K is a constant pertaining to the particular part. K can be determined
from equation (3) by measuring Ppy (at equilibrium) for a known Ta. Using
this value of K, the values of PD and T can be obtained by solving equations
(1) and (2) iteratively for any value of TA.

13.4 DC ELECTRICAL CHARACTERISTICS (Vpp = 5.0 Vdc- 10°; Vg = 0 Ve, Ta=T| to

TH. uniess otherwise noted)

Characteristics Symbol Min Max Unit
Output Voltage All Qutputs Vou — 0.1 v
ILoad = = 10.0 pA (see Ncte 1) All Qutputs Except RESET and MODA Vos | Vpp-01 —
Output High Voltage All Qutputs Except RESET.| Vo Vop- 0.8 - v
lLoad = - 0.8 MA, Vpp = €5V (s2e Note 1) XTAL. and MODA
Output Low Voltage All'Qutputs Except XTAL VoL — 0.4 v
lLoad 1.6 mA
Input High Voltage All Inputs Except RESET| vy 0.7 - Vpp Voo v
RESET 08-Vpp Voo
Input Low Voltage All Inputs| V. Vss 0.2 Vpp| Vv
1 O Ports, Three-State Leakage PA7-PAQ. PC7-PCO, PDS-PDO. PG7-PGO loz - s 10 pA
Vin ViH or V. MODA LIR. RESET,
Input Current {see Note 2} o - bin uA
Vin Vpp or Vgg 1RQ, XIRQ 5 =1
Vin Vpp or Vg MODB Vgihy - 2 10
RAM Standby Voitage Powerdown! Vgg 4.0 Vpo v
RAM Standby Current Poveerdown sa — 20 oA
Total Suoply Cusrent isze Note 3)
RUN: ‘oo
Single-Chip Mode - 15 mA
Expanded-Nonmuluplexed Mode - 27 mA
WAIT: [All Peripheral Functions Shut Down) Wipp
Single-Chip Mode - 6 mA
Expanded-Nonmultiplexed Mode -_ 10 mA
STOP: (No Clocks) Si0D
Single-Chip Mode — 100 sA
Inout Capacriance . PE7-PE0, IRQ. XIRQ, EXTAL Cq - 8 oF
PA7-PAQ, PC7-PCG. PD5-PD0, PG7-PGO, MODA LIR. RESET . — 12
Power Oissipavon Single-Chip Mode Pp - 85 mw
Expanded-Nonmuliiplexed Mode - 150

NOTES:
1. Vo specification for RESET and MODA is not applicable because they are open-drain pins. Vo specification not

applicable 10 ports C, D, and G in wired-OR mode.
2. See A D specifications for leakage curren: for port E.
3. All ports configured as inputs,
Vig 0.2v.,
VIH Vpp-0.2v,
No dc loads,
EXTAL is criven with a square vwave. and
teye ™ 478.5 ns, .

13-2 MC88HC11F1 TECHNICAL DATA . MOTOROLA
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14.2 PIN ASSIGNMENTS

14-2

>
l:n
ET $28%¢gz
g5 .2 s s sgz3%s%g
SRSxE SoREZCRETES
EXEXTZTwEESS>Taaa a &
anooonoooooaonnonn
§ Z 7 6 5 2 3 7 © 3 6766 5 be 63 62 Bt )
oree o i 50 [J PE4-ANA
02PCI 0N 39 [J PEO'AND
p3PCIg N2 58 [J PFO AD
D4 FCs 13 57 (7 PFI'AL
05 PCS L3 18 S5 ] PFA2
06 PC5 (] 15 85 [J PFI'A3
o1pC7(d 6 54 [J PFe‘AS
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DESCRIPTION —The SN54LS/74LS245 is an Octal Bus Transmitter/
Receiver designed for 8-line asynchronous 2-way data communication
between data buses. Direction Input (OR)controls transmission of Data
from bus Ato bus B or bus 8 to bus A depending uponits logic level. The
Enable input {E} can be used to isolate the buses.

@ HYSTERESIS INPUTS TO IMPROVE NOISE IMMUNMTY
o 2-WAY ASYNCHRONOUS DATA BUS COMMUNICATION
@ INPUT DIODES LIMIT HIGH-SPEED TERMINATION EFFECTS

TRUTH.TABLE
INPUTS
QUTPUT
E { OIR
L L | BusBCatatoBusA
L M | BusADatatoBusB
H X Isalation

H = MIGH Voltage Level
L = LOW Voitage Level
X = immaterisl

SN54/74L5245

OCTAL BUS TRANSCEIVER

LOW POWER SCHOTTKY

LOGIC AND CONNECTION DIAGRAM
DiP (TOP VIEW)

. ¥
oeir LI3 20{Vee
‘,E_f__l:(‘ o
AZE -~ ey 18(8%
<
AJE 1782
My S = sje3
83 i
st 0 e
[ r.
(T e e
]
q—-] Lu: 36

NG

b

a8(3 | B
ano(T] {11]s8
i

J Suffix — Case 732-03 (Ceramic)
N Suffix — Case 738-03 (Plastic)




SNE54/74L.5245

GUARANTEED OPERATING RANGES
SYMBOL PARAMETER MIN TYP MAX UNIT
vee Supply Voltage 54 45 5.0 5.5 v
74 4.75 5.0 5.25
Ta Operating Ambient Temperature Range 54 -S5 25 125 °C
74 [¢] 25 70
lon Qutput Current — High 54,74 -30 mA
54 -12
74 ~15 mA
loL Output Current — Low S4 12
74 24 mA
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
LIMITS
YN RAM NIT N N
SYMBOL PA ETER N F A UNITS TEST CONDITIONS
ViH Input HIGH Voltage 2.0 v Guaranteed input HIGH Voliage for
All Inouts
54 0.7 Guaranteed Input LOW Voltage for
ViL Ingut LOW‘Vollage 72 08 v All inputs
V13 -Vp-! Hysteresis 0.2 0.4 v Vee = MIN
ViK Input Clamp Diode Voltage —-065 | -1 vV IVec= MIN, fjy=—18 mA
VoH Output HIGH Voltage LY & 38 ¥ Vo= MIN, lgy = =3.0 mA
54,74 2.0 v Ve = MIN, Igy = MAX
sa74 | 025 | 04 v loL =12 mA | Vce = Ve MIN.
vou Output LOW Voliage = ViN = Vi of ViKY
[ = 24 mA
. S I oRe 08 & oL=2em per Truth Table
lozH Output O# Curren: HIGH i 20 A Veg = MAX. Yoyt = 27V
lozL Output Otf Current LOW =200 uA Vee = MAX Voyr =04V
Aor B, DRor € 20 pA Voo = MAX. VIN= 2TV
m Input HIGH Current | DR or € 0.1 mA . |Vee=MAX Viy=T70V
AorB Q.1 mA Vee = MAX, Viy =S5V
W input LOW Current -02 mA Vee = MAX VN =04V
los Qutout Short Circuit Current ~&0 ~225 mA vee = MAX
Power Suoply Current
Total, Cutout HIGH 70
Ice Total, Qutput LOW K0 mA Ve = MAX
Total at HIGH Z 85
AC CHARACTERISTICS: Ta = 25°C. Ve = S0V
LIMITS
P, METER T
SYMEOL ARAMETE N v AAX UNITS TEST CONDITIONS
PLH Propagation Dalay, Data to Outaut gg :22, ns
toHL - CL =65 oF
7Y Outout Enable Time to HIGH Level 25 40 ns R = 6670
'PZL Output Enable Time to LOW Level V27 <0 ns
PLZ Dutput Disable Time from LOW Lavel ! 15 25 ns CL=S.06F
PHZ Outout Disable Time from HIGH Lavei j 15 ;25 ns R = 667Q

FAST AND LS TTL DATA
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National
4 Semiconductor

MM54C922/MN74C922 16-Key Encoder
MM54C923/MM74C923 20-Key Encoder

general description

These CMOS key encoders provide all the necessary
logic to fully encode an array of SPST switches. The
keyboard scan can be implemented by either an external
cloek or external cagacitor. These encoders also have on-
chip pull-up devices which permit switches with up to
50 k) on resistance to be used. No diodes in the switch~
array are needed to eliminate ghost switches. The
internal debounce circuit needs only a single external
capacitor and can be defeated by omitting the capacitor,
A Data Available output goes to a high level when &
valid keyboard entry has been made, The Data Available
output returns to a low level when the entered key is
released, even if another key is deoressed. The Data
Available will return high to indicate acceotance of the
new key after a normal debounce period: this two key
roll gver is provided between any two switches.

An internal register remembers the last ke pressed
even after the key is released. The TRI-STATE ® outputs

provide_for easy expansion and bus operation and,are
LPTTL compatibie.

features

» 50 k§2 maximum switch on resistance

&= On or off chio clock

®  On chip row pull-up devices

® 2 key roli-over

& Keybounce elimination with single capacitor
& Last key register at outputs

s TRISTATE outputs LPTTL compatible
& \Vide supply range 3Vt 15V

s Low power consumption

connection diagrams

Dual-tn-Line Package

U 1

xow vt~ — Ve
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luwn-‘— -E-onu out e
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L ggrrurTRaTy
1R ~

1
-L QATA AVAILASLE

QSCILLATOR —‘1
§
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1
COLUMN J& =y
1
P COluma T

cotume X3 -L

1 "
oy — e COLUMS X2

107 Vitw

Ordet Number MMSICI22N
or MM74C322N
Ses Package 20

Dusidn.Line Package

Ul

1

ACw Y1 = — Ve

som v: 'Y eatacura

xow o7 L 1L gataours
1 \

20w v —f — QAfACUTC
) 18

Aow 1y —d = caraourso

1%
b QAT QUT §

[
»'—aui'ulhntl [
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1 1t
Y0 — - COLUMN I?

108 itw -
Order Number MMS4C323N
or MM74C923N
See Package 20A
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absolute maximum ratings

vorrage at Any Pin Veg - 03Vio e - 0.3V Package Dusvipanon 500 mW
Opecanng Temperature Range Operating Vo Range IVio 15V
MMS4C922, MMS£CI23 $5Cn 125 C vee 13v
£45274C922, MMT4C923 40 C:0 *65 C Leac Temaa-ature (Satduring, 10 seronns) 300°C
Srge w3t Tempeiature Range 65 Cta-152 C
dc electrical chara cteristics Mia’max limits apply across temp~-i-ure range unless othervaist: noted
PARAMETER { CONDITIONS PN l TyYpP ] MAX UNITS
CMOS TO CMOS
VT Positive-Going Threshold Voliage 3t Ven -t BV, fiy 07 mA 3 36 é3 3
Qs ant .8M Inpurs vee - 1oV, hin 2 1éma [ 68 28 \Y
Vee 18V, w2 ima 9 0 129 \
VT _ Negative-Gaing Thresha!d Voltane at Vee r 5V, hn G 7ma Qi 14 z A
Oswe and KBM Inputs Vee * 0V, iy 14 ma 14 32 2 v
Veo s 19V, N 2 LinA k] 6 v
viscir; Logical “17 Input Voiisgs, Eaceut vee T V. 33 4% v
Qsc and KBM Inouty vee s 10V 4 8 9 v
’ veer 15. 125 135 v
iy Logical 0% teout Voltage, Exceot vee = 5Y., 0s 1 v
Os¢ and XBM tnputs Ve = 10V, 1 2 v
vee » 15V, 15 23 v
Lo Row Pull-Uo Cesrreni a1 Y1, Y2, Y3 Vee SV, Vyn t 01 Vee -2 5 A
Y& ann YS Inpurts vee = 10V ~10 20 FL
vee = 15V -22 ¢s -A
VouTy Logical " 17 Qutput Voltage Vee 5v o 102A 28 v
Veg s 10V ig 1A ¢ v
vee T ISV lg s 10cA 135 v
vouTioy Logical 3" Quisut Voliag f Veg SV, g 10LA [+3-] v
vee 10V 1o 10uA 1 \
vee C SVt A 15 v
-
Ron Column "ON" Reqistance at vee T3V, vp 0%V 3090 1200 1
X1, X2, X3 arur X4 Qutputs veg s 10V, Vo - 1V 300 700 Q
Ve s 1SV, v r 15V 200 S Q
e Supply Current Ven =5V, Osc st QV 055 L mA
vee * 10V 11 1.9 mA
vee =10V V7 26 ~a
tirgt1y  Logical 17 Inpur Cusrent 3t Vee - 18V, VN B 1Sy v 00S 1o PR
Quiput Enable
Iintg)  Logical 07 Input Current at Vee = 19V Vi ¢ OV 1o €005 A
Quiput Enable
CMOS/LPTTL INTERFACE
Vimg1)  Logical "1 Input Voltage, £xcent 5C, Ve - 49V vee 13 v
Osc and KBM inputs 74C. Vg = 4 TEV veg VS v
Vin(O)  Logical 0" lnput Voltage, Exceot S4C. Vee 45V 0.8 v
Osc and KEM lnputs 74C, Veg 2 675V L8] v
VOuT(i Logcat “17 Dutput Voitage SC, Ve - 45V, < v
9 * -360uA 3
74C, V¢c =4 15\, 2.2 v
IQ * ~3604A
VouTw Logicat "0 Outpu: Voilace S4C. vee - 45V, 0: v
1g = ~360ua
78C. Vg ¢ 4 18V 02 v
I+ -360:A
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dc electrical characteristics (con’t)

—

PARAMETER ] CONDITIONS [min [ Tve [ max | units
QUTPUT DRIVE (See S4C/74C Family Characteristics Data Sheet)
ISOURCE Output Source Current (P-Channel) Vee =5V, VouTt = V. -1.75 | =33 mA
Ta=25°C
lksOURCE Output Source Current (P-Channel) Vee =10V, VouTt = ov, -8 -15 mA
Ta=25°C
iIgiNK  Output Sink Current {N-Channel) vee = 5V, VouT = Vee. 1.75 | 3.6 mA
Ta=25°C
IsINK ~ Qutput Sink Current {N-Channel) vee = 10V, VouT = VCc. 8 18 mA
Ta=25°C
ac electrical characteristics Ta=25°C
PARAMETER CONDITIONS MIN TYP | MAX UNITS
tpd0. tpd 1 Propagation Delay Time to0 Cy = 50 pF, (Figure 1}
Logical "'0” or Logical 1" Vee =5V 60 150 as
from D.A. Ve = oV 35 80 ns
Ve = 18V 25 60 ns
Z
tgH.t1H  Propagation Delay Time from Ry = 10k, C_ = 5 pF, (Figure 2)
Logical 0" or Logical 1" Vg = 5V Ry =10k 80 200 ns
into High Impedance State Ve = 10V C = 10pF 65 150 ns
Vee = 18V 50 110 ns
tHO.tH1 Propagation Delay Time trom Ry = 10k, C|_ = 50 pF, (Figure 2]
High Impedance Siate to 2 Ve =SV Ry =10k 100 250 ns
Logical "*0" or Logical ~17 Ve = 10V C = 50 oF 55 125 ns
Vee = 15V 40 90 ns
Cin input Capacitance Any Input, (Note 2} 5 7.5 pF
CouT TRI-STATE Output Capacitance Any Output, {Note 2) 10 pF

Note 1: “Absolute Maximum Rarings’
Temperature Range™

provides condihions {or actual device coeration.

Note 2: Capacitance 1s guaranteed by Deriodic testing.

switching time waveforms

ANY GTHLR
(134

caTa
AVAILANLE

0ata
oureur

* are those values beyond which the safety of the d
they are not meant to imply that the gevices should be cpersted at these fimit

|

Yeo :
X asvee

L]

T1n 72 % RC. T3 = 0.7 AC where A = 10k and Cis external
caoacitor a1 KBM input.

FIGURE 1

evice cannot Be guaranteed. Excrot for “'Qperating
s. The table of “Electncal Characteristes”

L [
AT Ve
1) i
|
e ton
*
Vc:————|——_=—_7=-
2ata gyt /i rarstare’
f pom—
]
1vee
V‘:.————
Sy "y,
13710 i
— e
f
|

V:‘ .—-—-——-
oaTa OUT ! rristare’

—— - -
§ e e

FIGURE 2

172



—

block diagram

18
. GATEAVATLAILE
ATEAVARANL oo
gscrare AVAILASLE
o8 cLOCK
TRISTATES
1nt tant REY JOUNCE . o torraol
coustta FLIAKATION T O—UTPUI
wie AT
T Lo
L_ o 81
—0 A )
v
—i cx
270408¢R0ER
ACTIVE LOW AUTIYIS
" 13 [ x1 ey
!) : (L Ve oerect —Eﬂ—o-
¢—icr
3 1 4 1 0 MTERANAL N
N Po— o . l—~w—4
e e o
1 [} s & ¢
\O— \g_ .\O— y I_W,q ——O ¢ ) ourruls
l ~~ =V e
- 1 a0 [} 1
575
smtcw — o \O— No— 3 I Y u‘l‘::l’:‘
- e Ne- AN o
" 14 3} P L 1rLY
No— Po— Do = [—M——l AOLL OYER r—o0
O X
" 1% 1 13
L\c>— No— No— X I—Am—-
~ ~» by oy o
KEY €
ianav Ldex . /
truth table
SWITCO™ e 1 2 H 4 $ 3 7 [} 1, e 1M 12 13 4 L1 16 17 e 1
POSITION | Y1 KT Y1,X2 Y123 vime Y2x1 v2X2 v2,x3 YIX4 YIXP vIX2? Y1R} YIX4 Y&X1 Y4 X2 YAX] VEX4 vshxs Vﬁ’.:! VS..!] v x4
S s 0 ' ' 0 ' ] 1 ° ' o [ ° [ o 1 0 1 [ 1
T s ° c g ' L) 9 1 ' 0 9 1 1 ] ° 1 ' ] ° ' 1
] 3 o ) 0 ! 1 1 t [ © [ [} 1 1 ¥ 1 (] ° [ [}
o ¢ [ 2 ) ] ? [ o [ 1 1 ) ] 1 3 1 0 0 L} a
HEE ¢ 0 “ o o o o [ c ¢ 0 ] 9 [ ¢ [ ' 1 1 1
*Omit for MMSECI22/MMT74CS22
typical performance characteristics
Typical Iy v Vg ot Aoy Typical Rgn v YOUT #t Any
Y tnput X Output
p] ¢
feeme \ = fYee v P raaave
- s 2 18 + >
T 23— f:.—_ ——% Vgg e 1BV ;— r T i
z : T 1
E owb—— - a : |
H 2]
3 2 1 |
S s b . P § -
H . ; 2 v 15V l
z e - Yeg - 'OV E
FER 44 4 s /: !
£ i
= 3 - 3 |
vep e S 1
[} L
] 5 13 1 0 s 19 15
MRt ) Yoyiivi
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typical performance characteristics (con’t)

Typical Debounce Period
: Typicel Fsocan v Cosc vi Cxam

]
a
x
H
-8
s
= ]
H H
H H
P 4
& -
]
5
== 3
~ 2
T : , : H

RIS . b
o —t —
281 [} ' 1t
Cosc I-F? Cxgu LFY

typical applications

-,

Synehronous Data Entry Onto Bus {MM74C322}

jmc
Y\

Synchronous Handshske (MM74C322}

16
MM 140322 = b 74822
x4 KM x4 A0
X3 x3
0 q p——b
x2 + e ¢
l 1 C 70 0474 tus - i . 70 04za BUS
yle{rfep——an = 3jafafop——mdqrt R
s ]s |4 p——ir2 {61814 pmadv?
0 wa 12C74 .1} OATA AVAILABLE
siafsfe 2 5 B S A
FiEfofc AL 5T T Flefofc p——"¢
CATA 2vVaNAfL
asc ot \ * uavitanom st ot
SYSTEM A SYSTEM
CLOCK D= ) CLOZK »
SEENOQTED ) ISEE AOTE 3t

¢ L
ErASLE QUTPUT c

I ¢ IRESPONSEY
Qurputs are erabied when valid entry is made and

go into TAI-STATE when key is released,

Asynchronows Data Entry Onto Bus (MM 780322}

Keybosrd Suppiiers e
Mini Key Series KL
Digitran Company w1807 -
Pasadena, Californna T
Computronics Enginearing 21
7235 Hollywood Sivd . Py S
Hotlywooa, Cdiiforna 90046 22 1 ey
h 33 . TOOATA SUS
r._———-—-——*
MRARSL "
0 et
rislete Ak
04 OATA AVAILASLE
KL 3]
Fiejofc A
st 13
T :
= 18 74C4

Outputs are 1n TRI STATE unul key 15 oressed, then dats u placed on bus.
when key 1t releasea, Ouiputs return 19 TRISTATE.

Note I The keyboard may be synchronou.ly Kanned by omitting she cadacItor 3t GSC. aNC driving c3c. durecily if the system clock

rate 1s (Owwr than 10 kHz.
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@ MOTOROLA
SN54/741S273

DESCRIPTION — The SNS4LS/74LS273 is a high-speed 8-8it
Register, The register consists of eight O-Type Flip-Fiops with a
Common Cleck and an asynchronous active LOW Master Reset, This
device is supplied in 2 20-pin package featuring 0.3 inch lead spacing.

® 8-8IT HIGH SPEED REGISTER

® PARALLEL REGISTER

® COMMON CLOCK AND MASTER RESET

® INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION

OCTAL D FLIP-FLOP WITH CLEAR

LOW POWER SCHOTTKY

EFFECTS
PIN NAMES LOADING (Note a) CONNECTION DIAGRAM
RIGH LOW DIP (TOP VIEW)
cP Clock (Active HIGH Going Edge) Input 0SU.L | 025UL.
0g-07 Data inputs o5UL | 025U —
FR Master Reset (Active LOW) nput 0.5UL| 0.25UL s E i o F
Qp-Q7 Reagister Outputs (Note b} 10U.L | B{2.5)U.L. 2] e 9, {1
3o, o, {11 ’
NOTES:
a1 TTL Una Load (U.L) = 40 A HIGH/ 1.8 mA LOW. Go sl
5 The Outout LOW drive factor is 2 5 U.L. for Military (54) anc 5 UL for sCla, a,[Jr1e
Commaercial {7¢} Temparature Ranges.
«(Ja, a, : 15
1o, oy {1
__TRUTH TABLE 1o, o[
MR} CP| Dy | Qx Nuly . [Jv
l: jf_ : ’l_', 10 omo e {Jn
Ml ] L L

H = High Logic Level J Suffix — Case 732-03 (Ceramic)
L = Low Logic Level N Suffix — Case 738-03 (Plastic)

X = immaterial

LOGIC DIAGRAM

8¢
|O o
Bg
° <
3¢
__ |
Sq
Q OI
Gq
40 ©

Vee =Pin 20 Y

CGNO =fin 10 Cy
) = Pin Numbers @

®e—t-

®r—<




SN54/74L.5273

FUNCTIONAL DESCRIPTION — The SN54LS/74LS273 is an 8-Bit Parallel Register with a common Clock and
common Master Reset.

When the MR input is LOW, the Q outputs are LOW, independent of the other inputs, Information meeting the setup
and hoid time requirements of the D inputs is transferred to the Q outputs on the LOW-to-HIGH transition of the clock

input

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYpP MAX UNIT
Vee Supply Voitage 54 4.5 5.0 5.5 \
74 4.75 5.0 §.25
TAa Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
loH Output Current — High 54,74 =04 mA
oL Output Current — Low 54 4.0 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
LIMITS
M PARAM NIT. TEST NOITI
SYMBOL ETER YT ~F AR UNITS EST CONDITIONS
Guaranteed input HIGH Vohage for
ViH Input HIGH Voltage 2.0 v All Inputs
54 0.7 Guaranteed Input LOW Vohage tor
Vit Input LCW Voliage 7% 08 v All Inputs
VIK Input Clamp Diode Voltage -Q.65 =15 v Vee = MIN, iy = —18 mA
84 2.5 1.5 v Ve = MIN, lgn = MAX, Viy = Viy
VoH Output HIGH Voltage 74 27 38 v or V| per Truth Table
54,74 0.25 0.4 v Io, = 4.0 mA| Voe = Vee MIN,
Vor Qutput LOW Voltage 24 T 08 S loL = 8.0 mA| VIN = Vi or Viy
ser Truth Table
20 pA Vee = MAX ViIN= 2.7V
hH Input HIGH Current o1 A Voo = MAX. Vi = 7.0V
L Input LOW Current —-0.4 mA Voo = MAX, iy = 0.4 V
los Short Circuit Current -20 ~100 mA Ve = MAX
lce Power Supply Currant 27 mA Ve = MAX

FAST AND LS TTL DATA

5-232



SN54/74.5273

AC CHARACTERISTICS: Ta = 25°C, Vee = 5.0V

LIMITS
PARAMETER NIT. TEST CONDITI
SYmMsoL TN F A UNITS EST CO: ONS
IMAX Maximum Input Clock Frequency 30 40 MHz Fig. 1
PHL Propagation Delay. MR to Q Output 13 27 ns Fig. 2
PLH 17 27 .
L Propagation Delay, Clock to Output 18 7 ns Fig. 1
AC SETUP REQUIREMENTS: Ta = 25°C, Ve =50V
LIMITS
PARAM 2 NIT. TEST CONDITION:!
SYMBOL ETE T e~ AR uNITS EST CONDITIONS
tw Pulse Width, Clock or Clear 20 ns Fig. 1
1s Data Setup Time 20 ns Fig. 1
h Hold Time 5.0 ns Fig. 1
trec Recovery Time 25 ns Fig. 2

AC WAVEFOAMS

MASTER RESET TO CUTPUT DELAY,
MASTER RESET PULSE WIOTH,
AND MASTER RESET RECOVERY TIME

CLOCK TO OUTPUT DELAYS,
CLOCK PULSE WIOTH, FREQUENCY,
SETUP AND HOLD TIMES DATA TO CLOCK

ce

Q, 13v 13v
1
..xp._,.-i
|
&, 1av 13v
*The shaded areas indicale when iha input 1S perrutied 1o change
lor o e quiput per 0.
Flg. 1 Fig. 2

DEFINITION OF TERMS: .
SETUP TIME (tg) — is defined as the minimum time required for the correct logic level to be present at the lbgic input
prior to the clock transition from LOW-t0-HIGH in order to be recognized and transferred o the outputs.

HOLD TIME (tr) — is defined as the minimum time following the clock transition from LOW-to-HIGH that the logic level
must be maintainec at the inout in order to ensure continued racognition. A negauve HOLD TIME indicates that the
correc: logic level may be refeased prior to the clock transition from LOW-to-HIGH and still be recognized.
RECOVERY TIME (tg¢) — is Cefined as the minimum time required between the end of the reset pulse and the clock
transition from LOW-te-HIGH in order to recognize and transfer HIGH data to the Q outputs.

FAST AND LS TTL DATA

5-233 ’ .
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54154 74154

4.line-to- | 6-Line Decoder Demuitiplexer

Schottky TLL High- Speed TTL Law-Pewer Schattky TTL Standard TTL Low-Power TTL
Package | Package Package Package P ackage
Qevice Type i— Deavice T Device T Device T Device T
YR ICTP M CF 1P TP IMICH U DEITSG TP ETRIMCE TP TP MICF
T P | | | Iswsaiu O WE | SHSIL IS J |
< o L1 [snius ITING SNALIS 3 CIND
- Lot i N [ ap b
FARCHILD ; — ] D] FCTAI5d D 17D
MOT! oy 4 ' [ |
OROLA [ b t [ R 0]
N.S.C TR | CMSILSIH 1T | jomsasd 1<) FL | OMsaL 1844 ODINT]  |FT
e R B OM7ILSIH TN | Qulaisd LCING!  [FL]OMIaLIds [l FT
I : . A [ ]
PHILIPS o ' ) NNLSI1S4 T I [M1use P |
- } Lt ] i i Ss4id FONG| ol )
SIGNETICS i - 7 T : TN T 7
— ] VL i [ i
SIEMENS b D H E FLYNI | [
I >t [ ] T | Il
FUANTSU : A —— ——t ,
ot [ i 1 | ; ]
HITACH! T T T [mons S 5i | [RONGIZNESD | DPh T
3 | R I t |
MITSUBISHI—— = ' - P L
[ | . | i
NEC L & 4 i 1 ! i 55825 oT! 1
| i 1 1 1
TOSHIBA e L il . L
" & 25 — W 7 Tt | | [
Electrical Characteristics SNS4154 ., SN74154 .
Function Table
absoluts maximum ralings over 3gsrating [ree-air tamparature range 184, "L154
Suooly vitage, VoG T 79 | dvwaeg free v TSN] -%T w0 (BT L IRETS ! ke
Irout_voitage T557 | temooratre range suie 9T @ 9T faiczi oc s 0 t 2 34 %8 7T 8 9101112131418
Sterage tamoerature ranne =355 1o 1WT LF LLLL L R R R R N
Ce o umf mmommnme wommnnmn
recommesnded operating conditions L i R L T s B ed
P T i B IR R L )
| SNS41s4 [ sn7a133 [wr P B B R I R A L]
n [ = oo e R R B B T
Ll wil Wi Pl £ 2N i s, L L oHoAy R R R R B T N B )
Swooy voltage. Yop (%) S 5.504 7% § 58 v Lo L omomom P O D R I U A )
onslevar QuiDUt Suirent, 'Q_N -%0 | 300§ we D - L Ly P L R T R I I I )
Lo etavel ouidul current, 1my 1§10 154 ma :: :::: ::::::::::::::::
Gorating lrame ur tomoaratura, T s -33 2] 9 BT gy PN P L L B R R I N R )
clecuisal charactaristics over recommended operating ;: t : : : : : : : : : : : : : : : : : : : :
+  {rae-air temoeralture range oL oL hM R W MM R RN RN N e L=
Fol . o [ L] MoR M oM MMM ORAA NN MNA R
PARMETER * T TEST CCNOITICNS T [MIN TYP I MAX [UMIT AT REER AN ¥ MY
ire Magnetevel nOul mxidge 1 P2 v n L 1 x %t MMM oMM M N R R oo W
My Lowalave nOul 0NAGe { i a8l v " ow X ox x N R I I R R
A tagul slamo vailage Voo =MIN, ljm ~ilrd + -1 5 v P e nge e L tigw e U S aroomery
. Voo suWiN, Vi =Y, ik :
' : [
OM  Mhgnelevel owipul voltage VL= %, lgpeiEud | FA W} v Funecticnal Block Diagram
v Lomeeloval outout voit VEC IMIN. Vip a2V, i L WA 4
B .
1% . DU Ge Vig =08V, lgp «time i . Q, ! i . L]
ol Jurrant Al maamum 1 H - D 2
1 veg M =55V
! nowe_woitage CCoMAX, Vy=5.§ | x! ma N
1w rhar=tevel wout cwrent IVEC BMAXR, VAl v 1 W) ua (Ll A z
L Lowe-tewet 1roul currant Yeog SMAX, . az"“i} 1 Ly
198 Stort-swewt ouiput Twraat® | Vep #UAX, C 1 E’__}‘_'.
21 a —
Voo =MAX A—-D.,.‘/_ —
o ivs L
teg Suooty current | S Macy J L 2 n 3 LI
trom 4, B. C, o O wputy” | 23+ [] ! 13
i { > £ 3
PLE | ieown 3 levels of lape 1 ? Bl - mour <8 v .
A 8.0 " v sV, 3 — 1]
- trom 8. C. or 0 mputs cc= v. 22428T 2 B0 e - . 1
teougn 3 levels St loge C=iSoF, R_=i00Q ¢ c 4 " Fou‘rrurs
saLyy | rom atner strcoe wout ! 2 A4 e ] 3 e ] '
(oM | trom winar 3iro0w ol ¢ 13 7y ns 110 , -
. . . 21
Fin Assignmant (Top View) o X8 ] .
noury curmrs [ 3 — 104
vee L ~ 31}
@ I._HL:.-"_.'.-:L?H mem M-ul_m..u..:m B ar
T oY
TPty e
I ® 8 ¢ 3 e a1 1 e o I - ‘s
D
Nor o Wi | . e
"o ' 2T
JLe 2 o s o v 2 3 H
’ NN EREEREE
= - ..__LL.!_.L.J. - ° -
Ty ey
= — popetags = o 184, "1 184 2-UNE-TO- 18- LINE DECOCER / CEMULTIPLEXER
sasdme tag. wt e taoee MOTE: ing 10 messured «th 3l aouls Fowdsd od M utows cown,
1 For condittons shown as MIN or MAX, use INha adorconate vsha Cechind svier xranry tor the typm

A8 tyooal schas w19 at Voo mSY, T =25T,

SMct more than one outtut 3houd te thorted al 3 lvma

g Jerey .

R L-THYY

A g H urowt
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National
Semiconductor
" Corporation

DACO0830/DAC0C31/DAC0832 §8-Bit uP
Compatible, Double-Buffered D to A Converters

General Descriptlon

- The DAC0830 is an advancad CMOS/Si-Cr 8-blt muitiphying
DAC desgned o interface divectly with the 8060, 8048,
805, Z00*, and other populsr MICICL/OCEs20rS. A dOposi.
od sikcon-cruombam R-2R rusislor ladder network Civicus
the relerence curtent and proviced the crcuil with sacullent
tamperatire teckig characlerisucs (0.05% of Full Scake
Range maximum Unearty etor ovex lemperaturs). The cxr-
cut uses CMOS current awiiches snd conuol logic 0
achiave low POwe! CONSUMPLON and low oulpul leekapa
curtent etons. Speclal arcullry provides TTL joglc input von-
age lwvel compaubility.

Doubie buftering sitows these DACS 10 output 8 voltage cor-
183ponding 10 0Ny digilal word while holding the naxt dionst
wurd, Thes poamis the simuitanscus updaung of any mum-
ber of DACs.

The DACO830 ssrios ure the 8-bit members of s tumily ol
microprocas sor-computbie DACS (MICRO-DACTM), For ap-
plcatons dumanding highar resolution, tha DAC 1000 sarss
(10-bits) and the DAC1208 and DAC1230 (12-bus) are svat-
wle nliernatives, 3

Features

& Doubiu-bultered, single-oulierod or llow-ttvough diginal
data inpuls

& Fasy niwchango oni  pin-conwatble  with
DAC1230 senss v

|, Dvect Inleiface 1o al' poj ular MiCroprocossors

B Linoanty scecihed with 2.0 ano ull sCale adjust only—
NOT BEST STRAIGHT L'NE FIT,

m Works with 1 10V reterenca-tull 4-Qussrant
multiphca tion

B Can be usbd in the voltay @ swilChing miato

= Logic Inputs which mout “TL vollaga level specs (1.4V
logic thrashold) -

B Cperatos "STAND ALONE™ {without 4P} il desued

u Aveidable in 20-pin small- uthne or MokGA clup Cafriue

pacKage

Key Specifications

12-tt

n Current suithng timu 1 ps
» Resolution 8 bas
8,9, 00 10 bits

» Linwanty
(Quarpiteod ovur lemp.)
00002% FSs°C

n Gain Tempco
® Low power dissipalion 20 mw
= Suy)la powol supply 510 tS Voo

ZE800VA/1EBOOVO/0CBODVQ

Typical Application
[-Q u-l;m

“ABowae sssy upyrede 10 12:-bli DAC 230,
Sen apppinaron funiie

RSP

-

Connectlon Dlagrams (Top Views)

Duakln-tine and
Smali-Qutline Pacxagus

L

st b

Molded Chip Carrler Pachagu

0,00, W By
!

e b » e e 7 lor v TN
- —f? " P TI RTIT 12-tt DACI 70 pervmn 10 (ST YINY2 Lfill 13U eae)
"4 —} I- -y PorTrA FLerenOnQ bom Yoo il AT
nimn "C sed an 804 W 8 124m OAC 4 =\t
1 .Mn - wen He PC dosrd Cranges ey =~ S
n —t " - - ~1,
[yevrg—y 1o - ard 1O pite s Curnms, .
=y " soimebe e 4OPECI BN LaCHN
By 8y 3 LV
o ==t3 u AU . — .
[ --1 " " ot CrrLon 1D
reoo—— .

Min/ses .21

4.22



contact the Nntlonal
Supply Voltage (Veo)
\?onngo 8l Vpgr input
Package Disdigation

a8l Ta=25'C (Nole 3}

DC Voitaga Applied to
loirtt ¢ loyr2 (Nota 4)

Voltage at Any Digital Input

Storage Temperaiure Range

ESO Suscemabaity (Note 14)

Olstrtbuters {or avaliabiiily ana specilicallons,

Absolute Maximum Ratlngs (Notes1 82

if Military/Aeraspace specified devices are required,

Lead Temparature {soldedng, 10 sec.)

Semiconductor Sales Oflice/ Cual-in-Line Package (plasiic) 287C
Dual-in-Line Package {Cérb Mic) Kot
17V, Surface Mount Package
Ve to G:g Vapor Phase {60 sec.) 215%
cc inirared (15 sec.) 7
2 25V
-65'Clo +150°C Operating Condltions
’ Temperalucs Asnge Tvins TasTun
500 mw Part numbera wiih ‘LCN' sutlix oClo +70C
: Part numbers with "LCWM® sullix ¢'Cto +70C
- 100 m'/ to Vg . )
800V Pant numbers with ‘LCV scllix 0°Clo +70¢C
Pan numbers with ‘LCJ" sullix - 40°'Clo +85¢
Part numbers with ‘LJ° suitix -55'Cto +125C
Yolsye at Any Digital Input Yeg 1o G\

Electrical Characteristics VRer = 10.000 Vpc uniess otterwise noled. Boldiaca iimits spply over tempar-
ture, Tagn £ T S Twax. For alf othor limits Ta=25C. .

Yee ™ 5 Vpe =5%
v‘.’cc_ 145.7755‘“ Vee = 12Voc $8%|
Seo | CC IOVOC | 46 16 Vpe 15% | Lm
Primmnler Condllions Nals Uy
Typ T:‘::\';'td Design Limlt
{Note 12) (Not.5) {Note 8}
CONYERTER CHARACTERISTICS
Rasplhcn 8 8 v tay
Linanrty Ertor Max Zaro and 1ull scale adiusied 4,8 {
=10V aVYngr < 4 10V
OACOBIOLI S LCY 0.5 ©.08 % FSA
DOACCBI2LI & LCU 0.7 ¢.2 » FSR
OACOB20LCN, LCWM & LCV i 0.C3 ©.0¢ » FSR
DACC831LCH . 0.4 0.1 » FEAR
DACDRI2LCN, LCWM & LCV ! 0.2 0.2 = FSA
WLittorental Roaurmianty 200 and tull scale adiusisd 4,8 ) :
Max - 10V aVagr < ¢ 10V
DACD830L L8 LC! 0.1 0.1 1% FR
DACDAIZ L. A LCY 0.} 0.4 * FSR
OACORIOLCH, LCWHM & LCV 0. o.1 % F3R
OACB831LCN 0.2 0.2 * FSA
OACD83ZLEN, LCWM A LCV 0. 0.4 % FSA
MorGiosety =~ 10V Vner LJatay ! 4 3 8 b
| iV LON LOWN & LTV 8 8 15
' I
Gain Ersor Max Usiny g nal Ry v .
. 2 = -
. {- W0VLVpers 4 1OV z02 | ' ! s
Gan Enoe Tompeo Marx Usig internal Ny, 0.0002 0.00086 FS.;'C
Power Supnty nso,ocnon Al Uigstal inpuls iatched high 1
Veg~ 14.5V10 15,5V 0.0002 | 0.0C25 %
11.5V10 12,5V 0.0006 FEAN
4.5V 10 5.5V 0.013 | 0.015 H
Aoleronce Input Max 18 29 20 un
Mo 18 1) 10 . N
Output £ eeaituough Error Vagr = 20 Vp-p, 1~ 100 kHz ] ’ v
Ait gata inputs Ialched low i
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DACO0B830/DAC0831/DACOB32

Electrical Characterlstf'cs Vaer = 10.000 Voc unless otherwise notad Boidiace iimits aoply over tempery-
ture, Tae € TA < Trax- For sl other limits T = 25°C. (Continuau) . .

. . Vee= 12 £5% -
Ve 1875 Ve | 1SS T 12 Voe 28R v iasvoe |VOF s_,v"%
See 16 15 Vpe 2 5% 5% gy
Symbol Parameler . Conditions Nole T Tested Deslgn T Tested Design |um
( Noltpt 2] Lmt Limit ( nm?1 p Lt | Limit
- (Note 5) {Note €) i(Mole 5)] (Mote 6)
AC CHARACTERISTICS
ts Current Selting Vy ~ OV, Vyy = 5V .0 X 10 M
Time
Tiw -~ Waile and XFER  {Vy = OV, Vi~ 5V| 11 100 250 375 600
Pulse wWidth Min 9 320 320 poo 00
tos Dsta Setup Time  {Vi = OV, Vin = 5¥| o 100 | 250 : 375 600
Min ’ 320 320 . 900 900
ton  [DataHold Time  [Va =0V, Vin=5V| o 20 ' 50
Min , 30 50 "
\cs Control Setup Tima|Vy = OV, V= 5V o 110 250 §00 900
Min 320 310 . 1100 1100
' - OV, Vi~ 5V ( '
o C?ntlol Hold Time [Vy = OV, Viyy 0 0 0 10 o O.
Min e} o

Note 1: Afmomde Mageram Natngs OGRS Bres LAYONd =isCh AAME Q0 I0 m JACH, May OCCU. OC and 7 2 slecytal srecihcations 00 not @O0 when apeeiry

D Bavies B yOrvl e Afwsited O ABNg CONONIONT

Nots 23 AL vOlsgws 9 Meeswsad wan 1eepac] 10 GHO. uniess Cifwstwwe spochad.

Note 3: The Masmiasm (cwwes Crbagimaon must be dorpiwd 81 slevalad lampatahsres srnt s diated by Tasay. # 1, S Ve amblent tamperakre, Ta. The merms
. $HOUWBOIE NOw S GY eietion 31 Aty bemped ahure nPg = (Tasax = 1a)/0,a Of ING Number grved. 1 Im AlTEORAS Marirum Heange, mMecheve’ B owe Fa e

devaca, T apuaa = 125°C piasixg o VAT C ICmaavey, snd U (ypacal ResCoOn-1t-amoe if4 INermal feeanCe 3 100 J pasye when DCert! MOowwed G/ for

e N pRChage, IVt Mmamivn 9CTretes 10 100°C/W and kon e ¥V pachage e numoe s 1271 Ciw. .

Nole 4: Fov Cirrent swaciwy anphcasans, ottt loyty 8nd Loyt el go 19 grownd or it “Vriual Gieund™ of 8n operstonal empmier. The wwarky oo 2

dergr aOnd Ny apfeGrmatrdy Vas . VRer Fot eanmyiie i Vagr © 10V Inen e § mV offset, Yos. 00 \ouly & ‘Outr ™ Swodos an 200tonal 0.01% Muety 010,

Hote 6: Taciad lutvts aia g ankert 10 Hatonal 8 AOCK (Avesage Outgneng Oushiy Laval),

Hote §; Guatanined, Inn At 100 (ke ton lesind Theas sruis see nol vaad [0 CBICUSLE OATING Quady rvom.

Hote 7: Guaaniany 81 Viyyr = * 40 Vo end Yaer = t3 Voo

Note §: The et ' FSA” standa iov “F Ul Scaw Range * “Lematy Eror” ang "Powar Bunply Aleyeciion™ specs o0 b sed ON Fws LNV 10 shmunate Cagendencs on §
parcular Yage vaks And 10 BOCRie P Wum pelormarss of e part Iha "Linesny Erod' specrcaton of ¥m DACOEIQ s "0 03N of FSR (MAX)", T
QuATSAIAPS Il Alter Dovitemeg & 1920 800 R aChin ariusimnnt (see Sackons 25 and 2 8), ne puol 4 e 7594 arwing vOllsge Ouipas wil Bach be wn
VUL * Yprr 0f 8 pusgii i =teCs fas wrs BuaLQh F=0 60D Re pcais :
Mots 9 BOMIACS e sian hauis ofxy 10 ine LI part LCJ sulha periy only

Hole 10: A 100NA Saaspye Curtard waht Ay © 200 and Vs r = 10V CONMNOODL 10 & 1840 810r of {1007 1)° 95 20> 10% X 100710 whwch m 0.02% of F5,

NOIe 112 1ha antes winks nass onl OCO emitn he voiut Aata iarvel Ind e sPeCHod Ly, 105 iove 8T 15 10 80Oy,
Nole 12 Typcais aie al 20°C ared tevonanl most B oy [ @atiar NOIM
Hola 13: Human body. morel, 100 7 oschasged Iivongn @ § 5 Rt tasesiorn.
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«ching Waveform

-

BAIA BT
'l

LR

Definitlon of Package Pinouts

Centrol Signais (All control signals level sctualed)

&3

N
5

.

TrER: .

Chip Select (acuva jow). Tha TS io combina-

ton with ILE wali gnatie Wi,

Input Latch Enable (actve hyh), The ILE In

combination with TS anaotes WR7,

Write 1. The activa low WH; 1 used 10 i0ad tha

ogial Input daty dits (D1 In1o the Inpul fslch.

Tho dais i the Input tatch 18 16 tched when WR;

is hign. To update tne input latch—LC35 ang wm
- must be tow whito ILE Is high.

Weite 2 (active low). This signal, In combinston

with XFER, causes the 8-bil dalz whuch In avasd

able in the input latch 1o ranuler o the DAC

rogQictor.

Trensfar control signal (active

XFER will ensble WRZ. ( AT

Other Pin Functlons

DigDly:
ot

~

-
AN

- oo

NETIE

Digital inputs. Dlg Is the loast syndcant bit
(LS8) and Oi7 Is the mos! sigruhant bit (MS8),
DAC Curent Output 1. loyyy Is & meximum
1o a owQial coge al sit 18 10 thue DAC 10gister,
and is 2600 1or all 0's in DAC rwguniw, ’
DAC Current Output 2. loyiz s & comlant
minus loytt. of louts ¥ loute = constant (1 tull
scaie for a lixed rnlerence voltagu). ’
Feedback Reslstor. Tho leecuack tomslor is
provided on the kS crep for use as the shunt

e

Vags:

Vee:

GHD:

__Minge e

kil
TLn Suoe -2

lusdback resistor [of the external op &P which is
used 10 provida an oulput vollage for tha DAZ.
Thus on-chip rasistor should always Ld useg (not
an walemal (asisiof) & Aca il matches the 18Sislors
whch sre uaed i 1hy onchip A.2R moder and
Yncks Nusa (88slors dvar lemperblurs.
Aelerence Yoltage Irpul This nput connects an
enlernsl proCiSIon voli 1Qa 6CANCS 10 INe nternat A-
2R wodul. Vg con e soloctod oved tha renge al
410 to = 10V. This i+ alsa 1he analog vollagse m-
put for & 4-quadrant rulgiying DAC apphcavon,
Dighat Bupply Voltuys. This is tne povror supply
g lor the pant. Vee €an be from v 510 + 15Vpc.
Opuwation Is optunu fof 1 15Voc.

The pn 10 vollsge frust be atl tne szme grownrg
potuntal as loyry 8 loytz for current swilching
spphcutions, Any aifleivnce of porental (Vos, pin
10} will fusull 10 8 hineanty chango ol

Vs pin 10
IVREF

For oxemplo, il Vige ~ 10V and pin 10 is gmv
oltras lrom loyry 803 loytz the knsanly charge
will 00 0 03%, ~

“tia 2 can bo ool 1100mV wilh no knwanily

chanye, bul UK 1og:G Input Inushold will shell

803‘.‘0'
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DAC083C/DAC0831/DACO832

Linearity Error

2 ACTudL 4 Fe
3 Yy 2
» L3E fRAD
H 14
3 f B
EM H
10888 RESrowyi
——eeeeeem.

DG oyt

Z P

zur0 anda fs adj.

8} Fnd point teat after

Definition of Terms

Resolution: Aesolution ie dicectly relaled 10 the numbes of
swilches of bits within the DAC. For example, the DACOUI0
has 2® or 256 sleps und therelore has 8-bit 1esolubon.
Linearity Erron Linganly Error is the maximum devisiion
ttom & siraght ke passing through the endpomts of Ihe
TAC Ganslon charscteristic, It is méasured alier adusiing
{or 2ev0 8nd hull-scale. Linearity atror is & parameter s«
10 ine davice and cannol be axternally adjusted.

Netional's brnanly “end point test” (s} snd the “basi
straght Une'™ 1est (b.c) used by other aupphars are Nlustrated
asbove. The “end ponl test™ gieatly simpithes the adjusi-
menl proceduwe by elinuinaung he nead foi multiple Hera-
tons of checkiry 1he hnganty and thun adjustng fult scale
uniit 1be hneanty is met. 1he *‘and point tusl” guaraniecs
hai heearity 13 mal alter a single full scale adjust. (One ad-
justment va. muiliple derabons of tho adjusiment.) The “end
point luc!™ usas a standard 7610 and F.S. adjusiment proce-

dwe and is a nwch more stungant tast for DAC linoanty.

Power Supply Sensltivity: Power supply srnsilivily in o
muanure of the ultect of pawer supply changos on the DAC
tuil- scate outpul, \

oSNa mryl

b) Bast straight Hne

ANaLeS BUIRIT

QUCHIAL wmryT

i TS
¢} Shitting {s raj. to pass

boal miraight ine teal

Settling Time: Se.tling ume s the lima requiced trom s co
1ansition unil the DAC outputl raeches withun £ %4LSH o
ihe hinal output ve *16. Fuli-scale Roitkng nme requi es 8 2oy
1o tuil-scaio or fuli;3cale (0 zur0 output change,

Fuit-Scsate Error: Full scale orror is a measure ol lha'o\w
arior between sn ideal OAC and the aclual devics oupd
ideslly, tor the D£.C0830 sernius, full-scule 18 Vagg — ILSB
For Vpge = 10V and unipciar aoparalion, Veyy.SCae®
10.0000V - 39mV « 9.861V. Fuil-scale errof is adusiadis o
rvo.

Ditlerentlal Non::neasrity: The dilfarance belween any two
conseculive codes in the Wranaier curve trom the theoretcal
1 .58 IS clfurenial nontinuanty.

Monotonic: Il tha oulput of & DAL wcraases for Increaswy)
dwptal Input code, thon the DAL is raonotonic. An 8-tut DAC
wiuCh i3 MONOIoNC 10 8 DS sy means thal Increasny
digital inpyt code s will producy an increasing analog outpu.

RYRANO TS ol

1 h
q-u,:o—%ﬁ_: :.-— : :}.——_ Rt
- N Ot e S ]
(WPSSELLAI o b—sefo ' ) S
no—24 sy u oo PR L) o i A L
L]
L ‘uu’lvul"——— '-:s‘u-l-—- "_::". LA
FrD—‘L———I ] » o p—— oJ
cmo—l 1 ) ’ [y s .
FYTIY ;S — ‘p—|» e |
| !
| [T ne 1
" Il
LY Ot~ 3
R N 1
I I
. W ]
. - I
0, ; H Y .
- t . In - . v
. “, —On%:
. &L g:;j ) !
mn ]
it .
I cugil weia ﬂ S G OUIIVIS I0ULOw B Bvuig }——-o“ Guo .
L wein AF - o9, Ba0a 81,9 G WAICA(SN, J .
TTTTmEmT T TTmTTTmT T -= T eryrsnosee

FIGURE 1. DAC0230 Functional Diagram
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DAC0830 Series Application Hints

These DAC's are the Industy’s sl MICIOPIOCESSO! COM-
paudie, gouble-butibred 8-Dit mutiptyuig O 1o A convernars.
Douwdte-butienng silows the utmasi apphcabon Baxtnity
yom a aigital control point of vigw. 1 tus 20-pirs QuviCa 18 also
pn for pin compatble {wih oo uxcopton) with tho
DAC1230, & 12-bit MICRO-DAC. tn Uho event ins!l 8 Sys-
wm's analog oulput recolubon il sccuracy must bu up-
@raded, substituting the DAC1230 can be easily accom-

pshad, By tying adoruss bit kg 10 the tLE pin, & iwo-bylo p

wite struction*{doublo precininn} wiuch BuloMatically in-
auments the acdiess lor the sucond Bylw, wrile (starung
win Ag = 1) can be used. Tihie ailOws @it un B-bit Of IDY
1240 part 10 bo usud with no hardwaie 0 »oftwary Chang.
o For i aimplust B-LiL upphcstion, Yus pu shouild bu i
0 Vg (8in0 bud Othut Uses 11 soction 1.1).

Alog signal control vereatiily & provided by 8 prucision R-
7R wodar natwork which: stiowy’lui 4Guadiant mullynCa-
b of & wido (ange Wipoles Tulereacs vollagu Ly on sppbed
dghal woed, .

L8 CIGITAL CONSIDERATIONS

A ot unkque characteriste of hess DAC'S | inat the 8-Dit
sl nput byte s doublebuttered. Tius medns that ihe
Gl must ranslor Yuough w3 Indspendunity conlioited 8-
b kichung 9Qislers Lelore being acoi-d 10 ihe R-2R lao-

Macond [egEion 3,i0ws w0 weslul conlrol [aluvs. Fest, any
DAC In & syslem can simultsneously hold the cuterk DAC
&tain one tugister (DAC register) anc the noxt cats woid in
Ta second (agistor (mpul rogisiar) 10 Allow lasl upaaLng of
* re 0AC output on demand, Second, and probably more
{ prtant, Soubite Dxtinnng $ESWR 2y AT OF OACsina

et netwOrk 10 CHhanQU M anaiog output. The sduion of a8

TR IVLPVE h

sysiom W bu updeled 10 thav Duw analog oulpul isvuls
snwilanaocusly via 8 Conunon slsot s signel,

The Lmung requiumenis and logic levul convention- ol 1ha
gxstur cunbicl signals havo been Cudgnud 10 Nvunuzg of
okvcuile ealuingl uiatlsang togic when apphod 10 Mmosl
POpUluE ARCIAAOCOLILIS and Guvilopnwnt systems HUis
whsy 1O Hunk Ol Mesy Cunveriuts B BeLst “witlo-Only” et
Oty JOCSIKuE thnl Bruvidy B0 BalLy Oulpul Guahibly. Ak
puts 10 thuse DACTS muut TTL voltegu luvol bfss bl CbIY
w150 LU thvans thiuctly wilhh Jugh voltaygu CMOS hagc o fwse
AwCrofNoCE sy Bisud bylluiny To pravunt Cuila g¢ L tha
g ltom slulic discharge, sl uowE0d dyital nputs oW
s bud tu V(g O yround. It @iy o tha ngital mpats by
radvest Lenthe kY BDatiyy, e DAL wtutpruls i s i @
oge 17,
1.1 Double-Butizred Operalion .
Updaung e analdy sulput of thusy DACs i1 & doubiia Lult- |
ol Maniwi o Larislly 8 1wo slep O doubiu witty apuas |
O In @ MuCIONIOCUSSOL Sysitim wo unique pystuin BO-
rousas nut Do Gucodud, 0w (o e nput taleh coniatiod
By Cw CS e oeid 4 second 10 ne DAC lateh which 18
conuuitud Lrs the XFER hiw 1 more than Orw OAC 15 bainy
Giwan. Fapae 2, Mw £S une ol vacl: DAC woull lyprcally Lo
Butodud ndvasially, Lul afl of ha converiure could 6i.are @
coxvmon XEER adtiuss 10 allow sviiilanueus updaling ol
ey pumbul of DACTs. The haung 1 tlus Cputatwnt 1
wwn, Foyure J.
It s wnporuny 10 hoty that the anaiog oulfads et wil
Cange dlle & wmAlINOOUS U aNS ar9 1nosw from ing
DAC S whose Npul Tegistst Nad Den (poutusd o 1D e

”
. $FOR comenand.

[
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MOTOROLA
= SEMICONDUCTOR
TECHNICAL DATA

A A T R S T AR Yy U
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. ) ' MTP12NOS8L
Designer’s Data Sheet MTP12N10L

Power Field Effect Transistor
N-Channel Enhancement-Mode

Silicon Gate TMOS TMOS POWER FETs
LOGIC LEVEL
These Logic Level TMOS Power FETs ate designed for high 12 AMPERES
speed power switching applications such as switching regulators, rDS(on) = 0.18 OHM
80 and 100 VOLTS

converiers, solenoid and relay drivers.

* Low Drive Requirement to interface Power Loads to Logic Level
ICs or Microprocessors — VGs(th) = 2 Volts max

e .Silicon Gate for Fast Switching Speeds — Switching Times
Specified at 100°C

s Designer’'s Data — Ipss. VDSion) YGSith) 2nd SOA Specified

at Elevated Temperature
¢ Rugged — SOA is Power Dissipation Limited TMO;

o Scurce-to-Drain Diode Characiarized for Use With Inductive Loads

MAXIMUM RATINGS

! Rating Symbal MTP12N0SLIMTP12N10L| Unit
I !
| Orain-Scurce Voltage Vpss 80 100 | Vec
Drain-Gate Voltage (Rgs = 1 MO} VDGR 80 100 | vee
Gate-Scurce Voltage — Continuous VGs =15 i vde
— Non-regetitive (tg & 50 us) VGSM =20 | Vok
Orain Current — Continuous Ip 12 Adc
~— Puised iom 30 :
Total Power Dissipation it T = 25°C PD 75 Nans
Derate abave 25'C ’ 0.6 wWEC
Operating and Storage Temperature Range T3 Tsrg -651t0 150 )
THERMAL CHARACTERISTICS
Thermal Resistance CW
Junction to Case Rayc 1.67
Junction to Ambient RyJA §2.5 CASE 221A-04
Maximum Lead Temperature for Soldering T 275 | c TO-220A8
Purposes. 18" from case for 5 seconcs ! ‘

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otnerwise noted) -
i Characteristic : Symbol ' Min L Max ; Unit ;
OFF CHARACTERISTICS
Drain-Sourze Sreakdown Voltage V(BRIOSS i Vae
Vgs = 0. Ip = 250 pA) MTP12NOSL 80 - |
MTP1ZN1OL 100 —_ i
Zero Gate Voitage Drzin Current ipss . uAdc
(Vps = Rated Vpgs. Vgs = O - 1
(Vog = Rated Vpss, Vgs = 0. Ty = 1285°C) - <0 0
izonuinueal

Dasigner's Outa for “Worst Case” Concitions — Tne Designer’s Data Shee: sermus ine design Of MOST Ciecwts ennirely irom the informat.on presanted.
SJA Lirmit curves — represenung bouncares on Cevice characiensncs — are Grven to facilitate “warst case™ cesign.

MOTOROLA TMOS POWER MOSFET DATA
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MTP12NO8L,10L

ELECTRICAL CHARACTERISTICS — continued (T¢ = 25°C unless otherwise noted}

[ Characteristic J Symbol l Min J Max I Unit 1
OFF CHARACTERISTICS {continued)
Gate-Sody Leakage Current, Forward 1GSSF - 100 nAdc
(Vdse = 15 Vde, Vpg = 0}
Gate Body Leakage Current, Reverse . IGSSR - 100 nAdc

(VGSR = 15 Vdc, Vpg = 0)
ON CHARACTERISTICS

Gate Threshold Voltage VGSith) vée
{(Vos = Vgs. 1o = 1 mA) . 1 2
Ty = 100°C) 0.75 1.5

Static Drain-Source On-Resistance (Vgs = 5§ Vde, Ip = 6 Adcl DSlon! - 0.18 Ohm

* Orain-Source On-Voltage (Vgg = 5 V) VDS(on) Vde
{lp = 12 Adc) - 2.4
(g = 6 Ade, Ty = 100°C) - 1.6

Forwara Transconductance (Vpg = 10V, Ip = 6 A) 9es H] - ! mhos

OYMAMIC CHARACTERISTICS

. Vog = 25V.Vgs = 0. ( = 1 MHz bt 800
Input Capacitance Ciss of
VGS = 15V, Vps = 0.1 = 1 MHz - 2600
V =25V, V = 0,f=1MHz -5 350 H
Reverse T:ansfer C itance 3 £3 Cess ‘ 7 : of
VGs = 15V, Vpg = 0.1 = 1 MHz ! — ] 1600 H
Qutput Capacitance l Vps = 25V, Vgg = 0.f = 1 MHz Coss : — ! 100 : oF
SWITCHING CHARACTERISTICS (T = 100°C}
Turn-On Delay Time tgiont ! - 50 | ns
Rise Time VoD = 25V, In = 6 A, te - 130 !
Turn-OH Oelay Time VGS = S V. Rgen = 50 ohms) tdiot) B 130 |
Fall Time 1 ] - 150 H
: b5 {yod 25 C
Totat Gae Charge (Vos = 0.8 Rated Vpss, Qg : {rvo I n
Gate-Source Charge Ip = 12A,Vgg = 5 Vdc} Qgs v 37 typ) - i
N 1 ) ]
Gate-Drain Charge FeRYigues 11 468212 Qga 11.3 {typ) — ,
SOURCE DRAIN DIODE CHARACTERISTICS
H . v $ H 1. | vd
Forward On-Voltage {tg = Aated Ip. Vag = 0) S0 : (t.vo.) I 25 | c
fenvard Turn-On Time on . Limitec by stray inductance
Raverse Recovery Time ter I 328 aypy | - I ns

INTERNAL PACKAGE INSUCTANCE

Internal Orain Inductance Lq i | nH
(Measured from the contact screw on tat to center of die} : 3.5 {tvo) -

{Me3sured from the crain lead 0.257 lrom oackage to center of die} 4.5 {typ) — |
Internal Source Inductance Lg : 7.5 {typ) - i
{Measurec from the source tead 0.25° rom package to source bond pad.) ' H

*Puise Test: Pulse Wicth & 300 us, Duty Cvele « 2%

ey o AL B A Aol . T e A

MOTOROLA TMOS POWER MOSFET DATA
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*DSton). DRAIN TO-SOUNCE RESISYANCE (01HMS)

MTP12NO08L,10L

TYPICAL ELECTRICAL CHARACTERISTICS
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Figure 1. On-Region Characteristics Figure 2. Gate-Threshold Voltage Variation
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Figure 3. Transfer Characteristics Figure 4, Breakdown Voltage Variation
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SAFE OPERATING AREA INFORMATION
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Figure 7. Maximum Rated Forward Biased Figure 8. Maximum Rated Switching
Safe Operating Area Saie Operating Area
FORWARD BIASED SAFE OPERATING AREA SWITCHING SAFE OPERATING AREA

The swilching safe operating area {SOA) of Figure 8 is
the boundary that the load line may traverse without
incurring damage to the MOSFET. The fundamental limits
are the peak current, Ipp and the brezkdown voltage,
VigRIDSS: The switching SOA shown in Figure 8 is appli-
caole for both turn-on and turn-off of the gevices lor
switching times less than one microsecond.

The FBSOA curves define the maximum drain-to-
source voltage and drain current that a device can safely
handle when it is forward biasea, or when it is on, or
being turned on. Because these curves include the limi-
tations of simuftaneous high voltage and high current,
up to the rating of the device, they are especially useful
to designers of linear systems, The curves are based cn
acase temperature of 25°C and a maximum junction tem- -
perature of 150°C. Limitations for repetitive pulses at var- The power averaged over 2 comolete switching cycle
ious case temperatures can be determined by using the MshagslBss than:

thermal response curves. Motorola Application Note, Titmax) —T¢C
ANSES, “Transient Thermal Resistance-General Data and RuJC

ts Usa” provides detailed instructions.
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Figure 9. Thermal Response
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