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ABSTRACT

Currently, communication technologies have been developed into various kinds of
communication application. Radar is one of the most popular communication technologies that
we are motived to implement the Doppler radar and its application for object speed detection. The
detector used high frequency continuous wave (CW) to radiate electromagnetic wave into free
space. When the radiated wave impinged on any moving target, reflected wave is introduced. The
interaction of the radiated wave and the reflected wave involved frequency shift or Doppler shift
and it related to speed of the moving object. In this project, the detector is designed to detect the

Doppler shift of 0 ~ 1 KHz which is related to 0 ~ 360 km/hr or 0 ~ 100 m/s.
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| = Jsin‘ °—oos@1tan2 G sin@d0 (2.3)
0 2 -

2.3.42 MAUNGYL@Aer1Y (Dissipate Power)
wilszneulufemsgapdeludnin (Conductor loss , P) wazmagaydeluas

a a A v o o a a dsi’ a g 4
‘lﬂf’ltﬁﬂﬁiﬂ (Dielectric loss, Pd) P W”I"li?ll‘i]']ﬂ PR Y9 UNUSOUNTDUNINTATDUNUNUDILLNAY

llazﬁzu']Uﬁ%I'NN'I
P=R _U(JM,J')ds (2.4)
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Taof R fludiusswedufitauding

p, mldanmsdunniaaus IvihneluInss (cavity) vosasormelulnsans
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P = WTg j-v”]Elzdv (2.5)

{ 3 1 a
Taeh €" 1WudauIUANNUDITAINEDY (permittivity)

2.3.4.3 WasUNQAIA ALY (Stored Energy)

1 { o [] < { ' (Y { |
Tuganamdendsau IfhuazmimdniganuluTnse e AAIAUNAMIND
4
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=D 2
Wo=w +w= M(gE + 1A Yo (2.6)
v
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1 . D
W =| — |&h IE as (2.7)
2

a A Y 9 a J 9 Y
2.3.4.4 BURUAUFTAUII AL LD ANALAUTATAN
(Input Impedance and Input Admittance)
a o kY o 9y e (% o <X 9 o
meomemnaiaduiiudewiilfunad (Match) fuaetloudyanm Tsdosdmanm
a A a [ = 9y
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P = _”IEZdV (2.8)
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=hE(x,,y,)!. 2.11)
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P = HF/mdv (2.12)
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) [ [ 4 B = ' 9y
uazmmummﬁmmuﬂmmiﬂizmﬂﬂﬁu (Radiation Resistance) ﬁ“ﬂiﬂ?ﬂﬂ?llﬂ

910 (2.15) LA (2.18)

v: 1207
Rr == (2.15)
2P /
r L
i 90R’
7 WL R 2— (2.16)
w
120R"
WA R =—F (2.17)
w

NI A NAIAIIWAIUMIUMTUNS NTLIWAAUADNUBANLIIVDIARLFo U ATia

du
R =1204 Q2 (2.18)
A A o 9. o At 9 °
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Y dyd
1adstife

R =1204, | —= (2.19)

Tl Normalized Line Extension

w
(&, +O.3)(—+O.264)‘|

Al =0.412h f (2.20)

w
(&, +025)(—+0.8)
h

wazAInea lndaaasalssanina (Effective Dielectric constant)
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(& +1 (& -1 12h
g, = S 1+ (221)
2 2 w

LY ] ] A 9 1 0 = ]
mqucmlLmu%(Susceptance) eumLmawﬁlaﬁlﬂmtmumﬂmmmig (Capacitance) U1

il
Al /e,
C=——— (2.22)
cZ,
Tagfisn ¢ Wuamnuisuers
Zo Wudufinaudaaidnuay (Characteristic Impedance) YBIeodIdn o
uuvluTnsaasy

A 4 U 1 4
Ll'ﬁ]ﬂlﬂﬂ&Lﬂu%ﬁ']uli’fﬁ‘il@qa?ulwriﬂﬁg ‘ﬂ']ﬂﬂﬁul‘ﬂu

v, {G+iB+Y, tan )}

‘ {v, +jc+B)tan I}

Y =G+ B+

(2.23)
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Tagh Gt
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i YNER
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0

B diusasiimsuns nsza1eaiu (Propagation Constant)
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2Y.B
tan(Blj=—— (2.24)
B°+G°—v

[l a g Y 9 = ) [] =~
ﬁ’JULL@ﬂﬂJ95]Lmu“b’ﬂ']uLﬁJWWﬂWLLWuQﬂ@uﬂlﬂ"}NﬂTLﬂU

2G
Y A= (2.25)
bos* (Ba)+ (G +5° )2sin2(,32) _ Bsin(2/32)
Y 4

4 ok : ) B
Taef z yﬂui:ﬂzinﬂsu'emmaumwv"lﬂmmwmﬂauw — <1y —<<1
W Yl

0 0

(Z) =
Y A — (2.26)
c032(/30
g : d 2 é
Feenusama layng feadui Pz=—
2

2.3.4.5 TN INAN 102 OAT19818 (Directivity and Gain)
HPAANIIL VA fiD Sasidanvesn U inYemdsugsgaludmdnde

ANUARUBUUNIINURAIYDIANNDL WNAN VDI dlauaas lag

1 e
——Re(EQH —FE . H

(2.27)
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lag [ wansdaeauns (23)
waz lunstivesaeeime lulasaasinsenoudis 2 soullaegredu 1 anw

1912 9971AN19 14U E — Plane 9215

W< A,D =66 (2.28)
8w
W< A,D = R (2.29)

0

23.4.6 9519819152 aAnTHa (Effective Gain)

G, =1D, (230)

a

Tagfl 1) e Ysz@nsnmaesasoime

2347 dnlsgnouquninuLa: AIGaYee (Quality Factor and Loss)

MilsznaununIv (Q) WesmweIMalAaNNF IR LT F AN UNIUMIATE NEATY

4 v
FIVLAWNTONT AN
27TV,
Q= (2.31)
P
£,E E LW
W= (2.32)
4
C.l&
Q= (2.33)
4f h

anudmuruyadwmiums qudeludnh R) uazluleadinansa R ) wifu



22

0.00027Q; ff.
R =
w

(2.34)

R, =30tanOhQIWE. (23%)

{ %
TaeM tanG Wuunuoudmsgaydle (Loss Tangent)

£ fimiaeflu GHz

Quality Factor 594 (Qt) ity

A 2QR,

t

(2.36)
R

r

23.4.8 1IUAIAN (Bandwidth)

TaolnAszAnLULAIANN VSWR < 2 autsod vl l@einauinis

1

QA2

BW =

(2.37)

Y
ad a

<] ' A ga o A [
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W@evianeednads luienld

2.3.4.9 ANUANIE (Beamwidth)

o a r 4‘ Qs 'Ql 4§ A
anuneadnzansynhaguindsnuisy 1daaasnsanils (Half Power Beamwidth)

A c; & A 1 d‘ d‘w g a [ 9
‘1’75@‘1’1ﬂ"l‘Ui’)Qﬁu'mﬁﬂﬁQﬂi\i‘ﬁuﬁﬂlﬂﬂﬂ'm"lﬂ’ﬂqwﬂiﬂnlﬂ ﬂzﬂszmuﬂﬂﬂmﬂ

1
5 1 2
¢BH =2cos |——— {(2.38)
24+kW
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Substrate

Ground plane

710 2.10 matloudganauuuemedslulasaasy

2.3.5.2 mstloudyanaumeds Iaueai@ea (Coaxial Feed)
maaummguareisududemstoudyan laeldme Tauendeanszifu
v ya 913 @ ~ (1 v <
a6 1nd%n lagazgnneldamndunen Tangiidudauvesaeennia - od1 lsAaulums
a wva [ 9 Q:&dyd zs' o Y Aa Y =} ] :5'1
ﬂguﬁmsﬂauﬁtyq;mmm‘ﬁmﬂumsmﬂmzm"lﬂ%iamﬁz%gﬁmm‘uimwmzmsgﬂww

[ 2 g o Aa o/ g
ﬂ‘]JLLﬂ‘.UIﬁﬂg"']Nﬁ@\iﬂ"liﬂ’ﬁ%’nﬂ’]u‘ﬂﬂﬂ?’]lﬁgﬂﬂigﬁﬁ

p. 4
e

NCircular microstrip
patch

Dielectric
substrate

Coaxial connector—»

Ground plane

s 2.1 mstleudganauuuaeds lnuoaiFea



25

(3
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- Hand-held tachometer

- Cruise control

- Automotive door lock control
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- Horn Control

- Touch or sound switches
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WaN1INARY 1ABYiin1sMAaD9I9s F/V (Frequency to Voltage)ﬁﬁgﬂ LM 2907 131
v H v v 9 9
NANINARBY IC FMitlazmouaussnanud ludiudinle dwelszun sdz aull wann
¥ Ay ' o o ] =< 9 ]
MINAaLIdINToNaaed lanamuNABINISUALI AU AR NN Tumsldauvedelsd

Op- Amp Wingediunulien

ATNN 4.2 HAMTNAABIIT F/V (Frequency to Voltage Converter)

Input frequency (Hz) Output (v)
10 0.026
20 0.034
30 0.045
40 0.056
50 0.068
60 0.080
70 0.090
80 0.100
90 0.110
100 0.130
150 0.180

200 0.235
250 0.296
300 0.355
350 0.410
400 0.451
450 0.510
500 0.560
550 0.630
600 0.690
700 0.800
800 0.900
900 1.020
1000 1.150
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z‘ﬂﬁ 4.9 HaMINAnvINIT F/V (Frequency to Voltage Converter)
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AN 4.3 HANITNARDII WIVYY

Vin (V) Vo(V)
0 0.0008
0.01 0.12
0.02 0.26
0.03 0.35
0.04 0.5
0.05 0.6
0.5 5.1
4.5 NITADC (Analog to Digital Converter)
1 9} v
AB99TANFU VA
sv
o]
0.1]9F/50V
2 Ay
AN
éﬁ: ¥y BJ 423.5 151 E
s RES p37 117 4|  LCD16%2
RS
10K CE' [ Rzﬂ’>+5V D05~ -D7
HESES S £ 122 bt
LTCI298 “45v9 = MCF-51 ;I
(_*giz er Pl4 )
DF I ———1P1 3 P0.7 | 32
1K GNDY, CX & ,
Y -g%%g'ﬂfm Pi2 gz}
e
- 1 37
i [38
NES
PO.0
20
Dout L
B’ D
i
33PFI I33pF
XA
11.0592 MHz

U9 4.11 MU LTC1298
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Input frequency (Hz) ANHLTY (M / S)
0 00
10 01
20 02
30 03
40 04
50 05
60 06
70 07
80 08
90 09
100 10
150 il
200 19
250 25
300 30
350 35
400 40
450 45
500 50
550 54
600 59
700 69
800 79
900 89
1000 100
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Input frequency (Hz) AYINIFY (Km / hr)
0 1
10 3
20 if
30 i)
40 14
50 17
60 21
70 24
80 29
90 32
100 38
150 53

200 71

250 89

300 106
350 125
400 142
450 160
500 178
550 196
600 214
700 249
800 285
900 322
1000 360
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FEATURES

= 12-Bit Resolution
= §8-Pin SOIC Plastic Package
a {ow Cost
= Low Supply Current: 250ué Typ.
® Auto Shutdown to 1nd Typ.
8 Guaranteed +3/4LSB Max DML
1 Single Supply 5Y to 9 Operation
= On-Chip Sample-and-Hold
1 60us Conversion Time
® Sampling Rates:
12.5 ksps (LTC1286)
11.1 ksps (LTC1292)
170 Compatible with SPI, [iciowite, etc.
Differential Inputs {LTC1286;
2-Channet MUX (LTC1298)
3 Yersions Availahle:; LTC1285/LTC1 288

APPLICATIONS

® Fattery-Operated Systems
B Remate Data Acquisition

m Battery Kaonitoring

a Handheld Terminal interface
u Temperature [easurement
= {solated Data Acquisition

LTC1286/LTC1298

TECHNOLOGY

Micropower Sampling
12-Bit A/D Converters In
S0-8 Packages

DESCRIPTION

The LTC1286/LTC1298 are micropower, 12-bit, succes-
Sive approximation samipling &/D converters. They typi-
cally draz only 250ud of supply current when converting
dnd autJmatmaJI powier dovin to a typical supply current
of 1nA whenﬂvei they are not performing conversions.
Thay are packaged in 8-pin SO packages and operate on
5 to 9V supplies. These 12-bit, switched-capacitar, suc-
cessive approximation ADCs inelude sample-and-holds.
The LTC1286 has a single differential analag input. The
LTC1248 offers a software selectable 2-channal fAUY,.

On-chip serial ports allow efficient data transfer to a wide
rangeof microprocessors and microcontrollers over three
wires. This, coupled withmicropower constmption, makes
remote location possible and facilitates transmitting data
through isolation barriers.

Trese cireuits can be used in ratiometric applications or

#ith an extemal reference. The high impedanca analog
mputa and the abilits to operate with reduced spans (to
1.5Y full scale; allowr direct connection to sensars and
transducers in many applications. eliminating the need for
¢ain stages.

TYPICAL APPLICATIONS

250W, S0-6 Package. 12-Bil ADC
Samples al 200Hz and Runs 011 a 5V Supply

d7F  s¢
=
5
—Vagr Yic
ANALOG BIPUT < il 7oz oLk
s 3 6
4 TO SV RANGE —{ 41 oyt P
1 T [SERkLDATALINK
i GO T3THON

Meu
{e.g9.82510
Pi4
P13

12

[ERETErN

Suppty Current vs Sample Rate

1200 =z
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& = H 2 =si
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LIC1286/L1C1298

ABSOLUTE MAXIMUM RATINGS inotes 1 and 2

Supply Yoltage (¥¢oi to GHD .. e
Voltage

Analog and Refarance . 03V Yoo+ 0.3V

Povser Dissipation ... 500m
Operating Tempmatum Rame
LTC1286C/LTC1298C ... . 0°Cto 70°C

Digital Inputs .............. v =034 10 12 LTC12861/LTC1298] o =407C 10 85°C
Digitat Output ..o —0.3‘1.’ to¥ge + 0.3Y  Storage Temperature Range ..... . —65°Cto 150°C
Lead Ternperature (Soldering, 1 ﬂ S8C.3. ... 300°C
TORVIEW ORDER PART LTOEVIEW ORDER P&RT
vl [Ave HUMBER rer [T 8] vee MUMBER
i 2] 7] cue T w2} 7] cLk BT
an[3] 5] bour LTC1286CH8 iz arm LTC1 ;OGCSQO
GHD E [ 5] CESHOH LIC1236113 GHO [3] B LTC1286158
N8 PACKAGE 9 PACKAGE PART IMARKING
¢-LEAD PLLSTIC DIP 8 u:_AD PLASTIC SOIC
Taue=180°C, = 120 G Ty = 1S0°C wjp= 175 C 1286C
1256t
TOP VIEW ORDER PART TOPVIEW ORDER PART
Swond] [E]ve:den MURBER csisHon [T} ] vee e UMBER
0 [2 ] LTC1298CH3 e o o LTC1298CS8
o1 [3] €] oo LT012081118. ot 3] 61 05t LTC12081S8
6ho 3] 5] o 4 one [T} (5] 0py i
N8 FACKAGE 58 PACKAGE PA RT f‘s'}ARI‘\ iN 4
9-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC v
e ! i )P g L ! 12080
A= 190°C s =120 C Taags = 190°C. ay= 175°CAY ha
1 agu|
Corsult factory for military grade parts.
SYMBOL | PARAMETER COMDITIONS MIMN TYP  MAX UNITS
Voo Supply Voltage (Note 3 LTC1286 45 a0 L]
LTC1298 45 5.5 v
foLi Cluck Frequency Voo =8¢ Note 4) 200 kHz
toye Tetal Cycle Time LTC1288, [¢q = 200kHz 20 us
LTC1298, fory = 200kHz e s
ol Hold Time, Dy After CLK1 Yoo =5V 150 ns
s Setup Time U5 1 Before First CLKT (See Operating Sequence) LTC1286, Voo = 5V 2 us
LTC1208, Vo = 5V 2 15
Lol Setup Time, Dy, Stable Before CLKT Vog =8V 400 ns
TwHoLk CLKHigh Time 'cc =5¢ 2 s
Wwicik | CLKLow Time Mog = 5V 2 &
bwHrs €S High Time Betveen Data Transfer Cytles Voo =5V 2 ps
bl TS Low Time Curing Data Transfer LTC1286, tek = 200kHz 75 us
LTC1298, {1 = 200kHz 5] us
2 LT R
y il



LTC1286/L1C1298

CONVERTER AND MULTIPLEXER CHARACTERISTICS potes)

LTC1286 L1C1298
PARAMETER CONDITIONS MM TYP MAX WH TP MAX UNITS
Resolution (Mo Missing Codes) e 12 12 Bits
Integral Linearity Errar {Hote 6) ® 34 %2 ¥4 12 LSB
Differential Linearity Error ° 14 234 14 134 LSE
Offset Error D) 344 +3 34 +3 LSE
Gain Error ° 12 8 +2 +8 LSB
Analog Input Range {Hotz 7 and ) ® -0.05% oVeg + 0.08Y V
REF Input Range {LTC1285) 455 Vpp = 58V 1.5V 0 Vee + 0.05¢ ¥
(Notes 7.8, and 93 58 < Voo s 1.8V fo 5.8V v
Analog Input Leskage Current {Nate 10) ® +1 I 11 uA
DIGITAL AND DC ELECTRICAL CHARARCTERISTICS rote )

SYKBOL | PARAMETER CONDITIONS NN TYP  MAX ulITS
Vi High Level Inp ut Vottage Vep=5.25V * 2 vV
Vi Low Level Input Voltage Vg=4.75¢ ® 08 v
M High LevelInp ut Current Vi =Vee ® 25 Tt
I Low Level Input Current V=00 ® -25 [
Vou High Level Qutput Voltage Vee=4.78V, lo = 10pA e 40 464 v
V=475V, lg = 3R0pA e 24 462 v
VoL Low Level Qutput Voltage Vee=475V, lg=15ma e 04 ¥
loz Hi-Z Output Leakags TS - High e 3 Uk
lonumce Qutput Source Current Vour=0V -25 ma
[ Output Sink Current Your=Veoo 15 mA
Reer Reference Input Resistance TS-Veo SH00 Mo
{LTC1286) CS-GND 85 ks
Irer Reference Current (LTC1285) CS:Vas e 0001 25 ph,
toys 2 640us, Toyg < 25kHz L) ag 140 HA
teys = 80pS. TeLk = 200kHz ) a0 140 [
leo Supply Current [T e 0001 2390 i
LTC1286. fove = 840us, ok = 25kHz ° 200 400 ud
LTC1285. toye = 80ps, gy i = 200kHz e 280 500 pA
LT61288, toyg 2 720us. gy = 26KHz ° 290 430 WA
LTC1298. toye = B0us, Ty = 200kHz ) M0 64D A

DYNAMIC ACCURACY 1y, = 12507 (LTC1286), tggpy = 11. 1642 (LTG1298) {Note 5
SYRBOL | PARAMETER CONDITIONS N TYP MAX UNITS
SN +D) | Signal-to-Noise Plus Distorion Ratio 1kHz'7kHz Input Signal 71/68 dB
THD Total Harmenic Distorion (Up to Sth Harmonis) 1kHz'7kHz Input Signal -847-80 sl
SFOR Spurious-Fres Dynamic Range 1kHz7kHz Input Signal ETiERIN o3
Peak Harmonic or Spuricus Koiee 1kHz/7kHz Input Signal -00v-86 als3

LTHR



LTC1286/LIC1298

AC CHARACTERISTICS ote s)

SYMBOL | PARAMETER COHDITIONS MIE  TYP  RAX UNITS
toupL Analog Input Sample Time See Operating Sequence 15 CLK Cycles
TsupLgax| Maximum Sampling Frequency LTC1286 [ ] 125 kHz

LTC1298 @ | {11 kHz
oo Conversion Tima See Operating Sequence 12 CLK Cycles
tion [elay Time, CLKL to Doyr Data Valid See Test Circuits ® 250 600 ns
Lyis Delay Time, TST to Dyy HI-Z See Test Circuits ° 135 3 ns
ton Delay Time, CLKL to Doyr Enable See Test Circuits ° 75 200 ns
theo Time Output Data Remains Valid After CLK4 Coap = 100pF 230 ns
t Dgyr Fall Time See Test Circuits ® 20 75 ns
t, Douyr Rise Time Sea Test Circuits ® 2 75 ns
Ci Input Capacitance Analog Inputs, On Channel 20 pF

Analog Inputs, Off Channal i pF

Digital Input 5 pF

The @ denotes specifications which apply over the ful operating
temperature range.

Note 1: Absolute maximum ratings are thosa values bevond which the life
of a device may be impaired.

Naote 2: All voltage values are with respect to GHD.

Note 3: These devices are specified at 5. For 3\ specified devices. see
LTC1285 and LTC1288.

Note 4: Increased leakage currents at elevated temperatures cause the SH
todroop, therefore it is recommendec that fiqy = 120kHz @t 85°C feyy =
75kHz at 70 and fyy = 1kHz at 25°C.

Note 5: Vg = 8V, Vg = 5 and CLK = 200kHz unless othervise specified.
Note 6: Linearity error is srecified betwean the actualend points of the
AU transter curees,

Note 7: Twio on-chip diodes are tied to each reference and analog input
vihich will conduct for reference or analog inpit woltages one dicde drop
below GO or ane diade drop above Ve, This spec allows 50 forward
bias of either diocle for 4.5V < Vo < 5.5V, This means that as long as the
reference oranalog input does not exceed the supply veltage by more than
50mV" the output code will be correct. To achiave an absolute OV o 5V
input voltage range will therefore require a minimum supply voltage of
4.950Y over initial tolerance, temperature variations and loading. For 5.5¢
<Vie = 9\, reference and analog input range cannot excesd 5.55¢. 1f
referenca and analcd input range ara greatar than 5.55¥. tha output coda
vill nat be guaranteed to be carrect.

Nute 8: The supply vottage range for the LTZ1286 is from 4.5\ to @Y, but
the supply voftage range for the LTC1298 is only from 4 5V to 5.5V,

Nate 9: Recommended operating conditions

Hote 10: Channe! lzakage current is measurad attar the chanmel salection.

TYPICAL PERFORMANCE CHARACTERISTICS

Supply Current vs Sample Rate

Supply Currant vs Temperature

Shutdown Supply Current vs Clock
Rale with €S High and TS Low

1,

000

450 &
™\ 1
z i 4 F A0 gy = 200kHe g2
= = =
£ 100 11T /// = I~ E M <
R e A A = M = s
£ LTL.h38// L o o
[ s
3 W7 rei2es s LTE1228 Ispgp =11, ThH: Sl A T30
& % = 3 = L7 AFTER CORVERSIOM ||
S 10 -4 & % s g V| [ ;
@ Z = \_‘\ 2 /‘
; 20 = — 1
LTS1286 fopgrs :12.5;;1; oo - T=Vie T
0 o It
21k * 166 100 T8 5 25 5 6 85 1% 13 120 40 60 60 102120 149 160 180 200

SAMPLERATE (H}

JRIESIN=28

TEMPERATURE ™3}

FREQUENCY (kHz»

A N peTre
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LTC1286/L1C1298

TYPICAL PERFORMMAN C€ CHARACTERISTICS

REFEREMCE CURRENT inp)

ADG MOISE IN LBSs

CHAMZE IN OFFSET (LSB)

Reterence Curtent vs
Sample Rale (LTC1286)

_125"!::
sV
| Vigr= 57
fouk = 20kH: //
70
&
50
7
40 A
30
20
£ 4
10 -4
0
6 2 4 & 8 (171”1
FREQUENCY (kHz1
Change in Otiset vs Temperalure
o —
=
-08 M
-1
15
-2
(] cf = AU
25 e
sy = Tonm e
.3 | W@
55 % M5 S.o8s 45 6 g
TEMFERATURE i°C)
Peak-to-Peak ADC Naise vs
Reference Vatlage
“I1,=28¢
Jh Ee
Toiy = 200kHz
15
] N
s \
e |
9
1 2 a 4 B

REFERENCE VOLTAGE i)

Lhaa s

REFERERICE CURRENT {pi)
8

-85 36 -15 5

-65

Refarenca Current vs Temperalure

T T T
Vg =Vagp =5

SkHz
0

25 35 B85 85 (6 128
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LA Ay

Change in Linearity vs
Reference Vollage
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1
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-035
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T

118

19
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-12
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2[T12s 35 4
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REFEREMCE VOLTAGE (v}
Change In Gain vs
Reference Vollage
NE ]
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N
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i1 |

18 28

3 33
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45 5
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LTC1286/LTC1298

TYPICAL PERFORMAN C€ CHARACTERISTICS

Spurious Free Dynamic Range

vs Frequency
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LTC1286/LTC1298

TYPICAL PERFORMAN C€ CHARACTERISTICS
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Pin FUNCTIONS

LTC1286

Vier (Pin 1): Reference Input. The reference input definas
the span of the A/D converter.

IN* {Pin 2): Positive Analog {nput.

1~ (Pin 3): Hegative Analog Input.

GRD (Pin 4): Analog Ground. GHD should be tied directly
to an analog ground plane,

CS/SHDN (Pin 5): Chip Select put. A logic 10w on this
input enables the LTC1286. A Togic high on this input
disables and powets down the LTC1236.

Doyr (Pin 6): Digital Data Output. The AD conversion
result is shifted out af this output.

CLK{Pin 7): Shift Clock. This clock synchronizes the serial
data transfer and determines conversion speed.

Vee (Pin 8): Poweer Supply Voltage. This pin provides
power to the &'D converter. {1 must be kept free of noise
and ripple by bypassing directly to the analog ground
plane.

LTC1298

CS/SHON (Pin 1): Chip Select Input. A logic low on this
input enables the LTC1298. A lagic high o this input
disahles and powers dovin the LTC1298.

CHO (Pin 2): Analog thput.

CH1 (Pin 3): Analog Input.

GND {Pin 4): Analog Ground. GHD should be tied directly
to ananaleg ground plane.

Dy {Pin 5): Digital Data Input. The multipleser address is
shifted into this input,

Doyt {Pin 6): Digital Data Output. The AD conversion
result is shifted out of this output.

CLK {Pin 7): Shift Clock. This clack synchronizes the
serial data transfer and determines conversion spead.
Vo/Vrer (Pin 8 Power Supply and Referance Voltage.
This pin provides povear and defines the span of the &/D
converter. 1t must be kept free of noise and ripple by
bypassing directly to the analog ground plane.
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APPLICATION InFORMATION
OVERVIEW

The LTC1286 and LTC1298 are micropower, 12-bit, suc-
cessive approximation sampling AD converters. The
LTC1286 typically draws 250ud of supply current when
sampling at 12.5kHz while the LTC1298 nominally con-
sumes 350uh of supply current when sampling at
111 kHz. The extra 100uA of supply current on the
LTC1298 comes from the reference input wihich is inten-
tionally tied to the supply. Supply current dropslinearty as
thesample rate is reduced {saa Supply Currentys Sample
Rate). The ADCs automatically power down when not
performing conversions. drawing only leakage current.
They are packaged in 8-pin SO and DIP packages. The
LTC1286 operates on a single supply from 45V to OV,

whilethe LTC1298 operates froma 4.54 10 5 5V supply.

Both the LTC1286 and the LTC1298 contain a 12-Lit,
switched-capacitor ADC. a sample-and-hold, and 2
serial port {see Block Diagramj. Although they share
the same hasic desian, the LTC1286 and LTC1298
differ insome respects. The LTC1286 has a differential
input and has an extemal reference input pin. It can
rneasure signals floating on a 0C commorn-mode volt-
ageand can operate with reduced spans to 1V, Reduc-
ing the spans allows it to achieve 244uV resclution. The
LTC1298 has a two-channel input multiplaxer and can
convert either channel with respect to ground or the
difference between the two. The reference input is tied
to the supply pin.

LTI
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LTC1286/LTC1298

APPLICATION IN FORMATION

SERIAL INTERFACE

The 2-channel LTC1298 communicates with micropta-

ssars and other external circuitry via a sinchronous,
half duplex, 4-wire serfal interface. The single channel
LTC1286 usesa 3-wireinterface (see Operating Sequence
in Figures 1 and 23,

Data Transter

The CLK synchronizes the data transfar with each bit being
transmitted on the falling CLK edge and captured on the
rising CLK edgein hoth transmitting and recelving systems.

The LTC1286 does not raquire a configuration input word
and has no Dy pin. A falling CS initiates data transfer as
shav in the LTC1286 operating sequence. After TS falls
the second CLK pulse enables Doyr. After ong null bit the

A/D conwersion resultis output an tha Doy line. Bringing
TS high resets the LTC1286 for the next data exchange.

The LTC1298 first receives input data and then transmits
hack the &0 conversion result (half duplex). Because of
the half duplex operation. Dy and Doy may be tied
together allowing transmission over just 3wires: TS, CLK
and DATA (DyyCour).

Data transfer isinitiated by afalling chip select (CSi signal.
After CS falls the LTC1288 looks for a start bit. After the
start hitis received, the 3-bitinput word is shifted into the
Dyy input which configures the LTC1298 and starts the
con":‘ersion. Aftar one nult bit, the result of the conversion
is output on the Doy line. At the end of the data exchange
*‘? shauld be brought high. This resats the LTC1298 in
preparation for the next data exchange.

v 2]
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! FONER
Ellss "‘”"incku
o %_ﬂ_lmmw AU
Wz UL Wz HULL
Cour BIT (611 |eto [69 | 6 [67 | 86 [ o4 [&s | 82 [&1 60" c BiT [B1r]eio [ &0 ] &3
= (MSB) R
SR Lo { tira
“AFTER COMPLETIJS THE [ATA TRANSFER, IF FURTHER CLOCKS ARE APPLIED WITHTS LOW.
THE ADC ®ILL OUTPUT LSB-FIRST DATA THEN FOLLCWED #¥1TH ZEROS INDERNITELY.
LT il
o I‘*IL
| -t POMER DR ————— ]
2T UNNU ST WLFUWU—@_
gy "L
Dt L BT et oo [ oo | on o7 | oo es | oe | ea | &2 [o1 o0 &1 Jee [os e [oe | 6o [ o | ee ﬁﬂl—sm—
(ISE)
tegqe
IR l:’.fu\’ 'L SATA

‘-1

“AFTER COMPLETINS THE CATA TRANSFER, IF FURTHER CLOGKS ARE AFFLIED WITH CS LOW

THEADC W ILL OUTPUT ZEROS NDEFINITELY .

1w 1s: DURING THIS TIME, THE BIAS CIRCUIT AND THE COMPARATOR POWER DOWNAUD THE REFERENCE INPUT

BECOMES A HIGH IMPEDANCE NODE LEAYING THE CLK RUNMINS T CLOCK DUT LSB-FIRST DATA OR ZEROES.

[ 2 3

Figure 1. LTC1286 Operaling Sequence
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LTC1286/LTC1298

APPLICATION [N FORMATION
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SHIFT 1UX
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*AFTER COMPLETING THE DATA TRANSFER. IF FURTHER CLOCKS: ARE APPLIED WITHTS LCWY,
THE ACCWILL OUTPUT ZEROS INDEFINITELY.

lyary CURING THIS TIME, THE BIAS CIRCUIT AND THE COMPARATOR POW ER DOW M AND THE REFERENCE INPUT

BECOMES A HIGH IKPEDANCE N2DE, LEAYING THE CLE RUMMINS TO CLOCK OUT LSB-FIRST DATS OR ZERDES

Figure 2, LTC1298 Operating Sequence Example: Ditferential Inputs {CH*, CH-)
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LTC1286/LTC1298

APPLICATION INFORMATION
Input Data Word

The LTC1236 requires no Dy word. It is parmanently
configured to have a single differential input. The conver-
sion result appears on the Doyt fine. The data format is
[ASB first follovsed by the LSB sequence. This provides
gasy interface to MSE ar LSB first serial ports. For MSE
first data the TS signal can be taken high after BO {see
Figure 1). The LTC1298 clocks data into the Dy input on
the rising edge of the clock. Tha input data words are
defined as follows:

SGL | onoy
— e —
1UX  LISB RRSTY
ADDRESS LSB ARST

Start Bit S

The first “logical one” clocked into the Dy input after €S
qoas low is the start bit. The start bit initiates the data
transfer. The LTC1298 will ignore all leading zaros which
precede this logical one. After the start bit is received. the
remaining hits of the input word will he clocked in. Further
inputs on the Dy pin are then ignored until the next TS
cycle.

Multiplexer (MUX) Address

The bits of the input word following the START hit assign
the MUX configuration for the requested conversion. For
a given channel selection. the convarter will measure the
voltage betwezn the twa channels indicated by the + and
- signs in the selected row of the following tables. In
single-ended mode, all input channels are measurad with
1espect to GHD.
LTC1238 Channe! Selection

MUX ADDRESS CHANNEL §

SGLATFF_00DsiGH | @ 1| ano
SINGLE-ENDED || 1 ) + -
MUX MOCE |7 1 3 |a
DIFFERENTIAL || 0 ] v a
MUX MOCE || 9 1 5 v

1ISB First/LSB First (MSBF)

The output data of the LTC1298 is programmed for
fSE first or LSB first sequence using the MSBF hit.
When the MSBF bitis a logical one. data will appear on
the Doy line in MSE first format. Logical zeros will be
filledin indefinitely following the last data bit. When the

[ASBF bitis a logical zero LSB first data will follow the
normat #SB first data on the Doy line. (see Operating
Sequence)

Transfer Curve

The LTC1286/LTC1298 are parmanently configured for
unipolar only. The input span and code assignment for
this conversion type areshowninthe following figures,

Transter Curve
L
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Operalion with Dyy and Doy Tied Together

The LTC1298 can be operated with Dy and Doyr tied
together. This eliminates one of the lines required to
communicate to the microprocessar (FPY). Data s trans-
mitted in both directions on a single wire. The processor
pin connected to this data line should be configurabla as
eithar aninput or an output. The LTC1 298 will take contral
ofthe data line and drive itlow on the 4th falling CLK edge
after the start bit is receivad {ses Figure 3). Therefore the
processor port line must be switched to an input before
this happens to avoid a conflict.

tnthe Typical Applications section. thereis an example of
intarfacing the LTC1298 with Dy and Doy tied together ta
the Intef 8051 MPU.

2
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LTC1286/L1C1298

APPLICATION N FORMATION

]

MSBF BIT LATCHED:
BY LTC1268
|
¥
1 2 3 4
CLK r s { | r S 3 i

DATA Dy D1 / start \ saLorF / ooovsion IWSEF Bt

RESISEN.
IPU CONTROLS DATA LINE AND SENDS
MUX ADD'RESS TC LTC1298

]
I
|
FROGESSOR MUST RELEASE —
DATA LINE AFTER 4TH RISING CLK !
AMD BEFORE THE 4TH FALLING CLK

LTC1296 CONTROLS DATA LINE AND SENDS
AT RESULT BACK TG WMFU

jt— LTG1208 TAKES CONTROL OF DATA LILE
I OMJTH FALLING CLK

s

Figure 3. LTC1298 Operation with Dyy and Dgyy Tied Together

ACHIEVING MICROPOWER PERFORMANCE

With typical operating currents of 250ud and automatic
shutdown hetwaen conversions. the LTC1266:LTC1294
achigves extremely low power consumption over a wide
range of sample rates isee Figure 47, The auto-shutdown
allows the supply curvato drop with reduced sample rate.
Severalthings must be taken into account to achizve such
a low powser consumption.

100) ——r—rrr

Vg = Vpgp = Y
15 = 200kHz 4

o LI
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it

Hr‘;ure 4. Automalic Power Shutdown Between Canversions
Allows Povrer Consumption to Drop with Sample Rate.

Shutdown

TheLTC1286/LTC 1298 are equipped with autamatic shut-
down features. They draw power when the TS pin is low
and shut down cornpletely when that pinis high. The bias
circuit and comparator povaers down and the reference

input hecomes high impedance at the end of each conver-
sionleaving the CLK running to clock out the LSB first data
o1 zeross (ses Figures 1and 23 1fthe CSis not running rail-
to-rail. the inputlogic buffer il drave current. This current
may he large compared to the typical supply current. To
obtain the lowest supply current. bring the TS pin to
ground when itis lovs and tosupply voltagewhen itis high.

When the TS pin is high i= supply voltage), the converta:
is in shutdown mode and draws only leakage current. The
status of the Dy and CLK input have no effect on supply
current during this time. Thera is no need to stop Dy and
CLK with TS = high; they cant continue to run withowt
drawsing current.

Minimize CS Low Time

In systems that have significant time between conver-
sions, lowest poveer drain will occur with the minimum CS
lows time. Bringing CS low, transferring data as quickty as
possible. and then bringing it back high will resultin the
lowest current drain. This minimizes the amount of time
the device draws power. After a conversion the ADC
automatically shuts duwen even if TS is held low (see
Figures 1 and 2). If the clock is left running to clock out
LSB-data or zero. the logic will draw a small current.
Figure § shows that the typical supply current with CS =
ground waries from 1A at 1kHz to 35uA at 200kHz. When
C5 =Veg, the logic is gated off and no supply current is

LT

drawn regardless of the clock fraquency.



LTC1286/LTC1298

APPLICATION INFORMATION

3
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Figure 5. Shuidown current with TS high is tna typically,
regardiess of the clack. Shuldown current with TS = graund
varies from 1uA at 1kHz to 350A at 200kHz,

Doyt Loatting

Capacitive loading on the digital output can increase power
cafistitnption. A 100pF capacitor on the Dgyr pin canadd
more than S0uA to the supply current at a 200kHz clock
frequency. An extra 50w or so of current goes into
charging and discharging the load capacitor. The same
goes for digital lines drivenatahigh frequencyliyany logic.
The € x [currents must be evaluated and the trouble-
some ones minimized.

OPERATING ON OTHER THAN 5V SUPPLIES (LTC1288)

The LTC1286 operates from 4.5V to 9Y supplies and the
LTC1298 operatesfiomasy supply. Tooperatethe LTC1286
on other than Y suppliss a few things must be %ept in
mind.

input Logic Levels

The input logic levels of TS, CLK and Dy are made to meet
TTL on a 5% supply. When the supply voltage varies, the
input logic levels also change. For the LTC 1286 to saraple
and convert corractly. the digital inputs have to be in the
proper fogical low and high levels rslative toths operating
supply voltage (see typical curve of Digital Input Logic
Threshold vs Supply Voltage). If achisving micropower
consumptionisdesirable, thedigitalinputs mustgorail-to-
fail between supply voltage and ground (see ACHIEVING
i1iCROPOVER PERFORMANCE saction).

Clock Frequency

The maximum recommended clock frequency is 200kHz
for the LTC1286:LTC1298 running off a 5Y supply. With
the supply voltage changing. the maximum clock fre-
quency for the devices also changes {see the typicat curve
of Maximum Clock Rate vs Supply Voltage). If the maxi-
mum clock frequency is used, care must he taken to
ensure that the device converts correctiy,

iixed Supplies

It is passible to have a microprocessor running off a 5v
supply and communicate with the LTC1286 operating on
a 9v supply. The requirement to achieve this is that the
outputsof CSand CLK from the MPU haveto be able to trip
the equivalent inputs of the LTC1286 and the output of
Doyt dioin the LTC1206 must Le able to toggle the
auivalent input of the MPU (see typical curve of Digital
{nput Logic Thrashold vs Supply Voltage). With the
LTC1286 aperating ona 9V supply. the output of Dy may
go between 0% and Y. The @ output may darmage the
FPU rinning off a 8Y supp'y. The way to getaround this
possibility is to have atesistor divider on Doyr iFigure 6}
and connect the center paint to the MPU input. It should
be noted that to get full shutdovm, the TS input of the
LTC1286 must he driven to the Ve voltage to keep the 05
input huffer from drawing current. An aftarnative is to
leave CS low after a convarsion. clock data until Doyt
outputs zeros, and then stop the clook low

o W TRE
3 HIFU af
j fe.g. 281 e

W — Vees Vin = R4
DIFFERENTIAL IKFUTS —] +IN CLK o <— F15
COMMOH-MODE RAHGE __| P (AP )
i BT R vvwi{f Fiz

_L— cHp SH S0k 1

= LT026 = =

(R Bt S2

Figura 6. Interfacing a 9V Paweted LTCT286 1o a 5V System
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LTC1286/L1C1298

APPLICATION INFORMATION
BOARD LAYOUT CONSIDERATIONS

Grounding and Bypassing

The LTC1286/LTC1298 are easy to use if some care is
taken. They should be used with an analog ground plane
and single point grounding techniques. The GND pin
should he tied directly to the ground plane.

The Ve pin should b hypassed to the ground plane with
a10uF tantalurn capacitor with leads as shortas possible.
If the power supply is clean. the LTC1286/LTC1298 can
also operate with smaller 1uF or less surface mount ar
ceramic bypass capacitors. All analog inputs shauld ha
referenced directly to the single paint ground. Digital
inputs and cutputs should be shizlded from andéor routed
awidy from the reference and analag circuitry,

A

SAMPLE-AND-HOLD

Both the LTC128€ and the LTC1298 provide a huilt-in
sample-and-hold {S&H function to acquire signals. The
S&H ofthe LTC1286 acquires input signals from “+” input
relative to "~ input during the tgppy time (see Figura 1).
However, the S&H of the LTC{298 can sample input
signals in the single-ended mode or in the differential
inputs during the tgppy time isee Figure 7).

Single-Ended Inputs

The sample-and-hold of the LTC1298 allows conversion
of rapidly varving signals. The input voltage is sampled
during the tgyp time as shown in Figure 7. The sampling
interval begins as the hit preceding the IASBF bitis shifted
inand continues until the falling CLK edge after the MSBF
bitis recefved. On this falling edge. the S&H goas into hold
rode and the conversion begins.

SAMPLE HOLD

¥ -+* INFLT UST

Fe— SETTLE DURING —=]

THIS TIME
Lssapt

leany

B

&

v ¥

o
=
N o @ - m p

A
ARE /
Doyt 2 \ Bil
1STBIT TEST *-*IHPUT MUST B
SETTLE DURIMG THIS TIME I
*+ IMPUT T
= INPUT

e

CrrsR ey

Figure 7. LTC1298 “+" and "-" Input Settling Windows
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LTC1286/LTC1298

APPLICATION IN FORMATION

Differential Inputs

With differential inputs, the ADC no longer converts justa
single voltage but rather the diffarence between two volt-
ages. In this case . the voltage on the selected “+" input is
still sampled and held and therefore may be rapidly time
warying just as in single-ended mode. Hovvever. the volt-
age onthe selected =" inputmust remainconstantand be
free of noise and ripple thraughout the conversion time.
Otherwise. the differencing operation may not ba per-
formed accurately. The comversiontimeis 12CLK cycles.
Therefore. a change in the "= input voltage during this
interval can cause conversion errors. For a sinusoidal
voltage on the “=" input this errar would be;

1y

VERROR iax) = ¥ PEak X 2 x 8 x (=) < 12y ¢
Where fi=") is the fraquency of the "= input voltage.
Vpeak IS its peak amplitutle andfo g is thefraquency of the
CLK. In most cases Yegpop will not be significant. For a
B0Hz signal on the “~" input to generate a 1/4LSB errar
{30510/} with the converter funning at CLK = 200kHz, its
peak value would have tobe 13.48mY.

ANALOG INPUTS

Because of the capacitive redistribution A7D conversion
technigues used. the analog inputs of the LTC1286/
LTC1298 have capacitive switching input current spikes.
These current spikes settle quickly and do not cause a
problem. However, if large source fesistances are used or
if slow settling op amps drive the inputs. care must he
taken to insure that the transients caused fy the current
spikes settle complately before the conversion begins.

“+” Input Settling

The input capacitor of the LTC1286 is switched onto "+”
input during the tgy,p time (sez Figure 1) andsamples the
input signalwithin that time. However, the input capacitor
of the LTC1298 is switched onto "+" input during the
sample phase (tgpap . See Figure 7). The sample phase is
1172 CLK cycles before conversion starts. Thevoltage on
the “+" input must settla completely within teyp e for the
LTC1286 and the LTC1298 respectively. Minimizing
Rsource™ and C1 will improve the input settling time. If a
large “+" input source resistance must be used, the

sample time can be increased by using a slower CLK
frequency.

“=" Input Settling

Atthe end of the tgppL. the input capacitor svvitches to the

“="input and conversion starts (see Figures 1 and 7).
During the corersion, the "+ input voltage is effectively
“held™ fr the sample-and-hold and will not affect the
conversianfesult. However, it is critical that the “~"input
yvoltage settles completely during the first CLK cycle of the
conversiontimeand be free of noise. Minimizing Rgource™
and C2 will improve settling time. If alarge “=" input
source resistance must be used, the time allowed for
settling can beextendad by using aslower CLK fraquency

Input Op Amps

Yhen driving the analog inputs with an op amp it is
important that the op amp settle within the alloved time
(see Figure 7). Again, the"+” and *=" inputsampling times
can be extendad as dascribed above to accommodate
slovger opamps. Maostopamps, including the LT1006 and
LT1413 single supplyop amps, can be made to settle well
gven with the minimum sattling windows of Bus *+"
input) which occur atthe maximum clockrate of 200kHz.

Source Resistance

The analog inputs of the LTC1286/LTC1298 look like a
20pF capacitor (Cyy) in series with a 5000 resistar {Rgy!
as shown in Figure 8. Cyy gets switched between the
selected "+ and *=" inputs once during sach conversion
cyele. Large external source resistors and capacitances

LTC1285:98

] I / Rer= 5000
L | e
Rawree ™ MUV | © \

j_: Gy = 200F

— (LU

Figure B. Analog Input Equivatent Circuit
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LTC1286/L1C1298

APPLICATION IN FOAMATION

will slowy the settling of the inputs. It is important that the
overall RC time constants be short enough to allow the
analog inputs to completely settle within the allswed time.

RC Input Filtering

It is possible to filter the inputs with an RC network as
showin in Figure 9. For farge valugs of Cp (e.g., 1uf), the
capacitive input switching currents are averaged intoa net
DC current. Therefore, a fifter should be chosen with a
small resistor and large capacitoy to prevent DC drops
across the resistor. The magnnudp of the DC current is
approximately Ipc = 20pF x Viy/teye and is roughly

proportional to Y. When running at the minimum cycle
time of 64us. the input carrent equals t.56uA atV =5V,
Iy this case, a fiftar resistor of 75¢2 will cause 0.1LSE of
full-scale error. If a larger filter resistor must he used,
errors car be elirainated by increasing the cyde time.

Rt

o o
I Gz | LTC1286
\ (SRS

Figure 8. RC lnpul Filtering

|||-I

Input Leakage Current

Input lzakage currents can also creata erfors if the source
resistance gets too large. For instance, the maximum
input leakage specification of 1uA (at 125°C) flowing
through a source resistance of 24002 will cause 3 valtags
drop of 2400 or0.2LSB. This errorwill be much reducad
atlowier temperatures because leakage drops rapidly (see
typical curve of Input Channel Leakage Current vs Tem-
perature).

REFERENCE INPUTS

The reference input of the LTC1286 is effectively a 50k
resistor from the time TS goes low to the end of the
conversion. Thereference inputbecomes ahighimpedance
rods at any other time (see Figura 103, Since the voltaga
on the reference input defines the voltage span of the &/D

converter. the reference input should be driven by a
reference with low Ry (ex. LT1004, LT1019and LT1021}
or a voltage source with low Royr.

REF*

Rau .\

T = uuo %

Figure 10. Reference Inpui Equivalent Circuit

LTC1260

XA I

Reduced Reference Operation

The minimum reference voltage of the LTC1298 is limited
to 4.5% because the Yee supply and reference are intar-
natly ﬂed together. Howewer the LTC1286 can operate
yith reference voltages below 1Y,

The effective resolution of the LTC1 286 can he increased
by reducing the input span of the converter. Tha LTC1286
exfibits good linearity and gain over a wide range of
[eference voltages (see typicalcurves of Change in Linsar-
ity ws Reference ¥ oltage and Change in Gainys Reference
Voltage). However, care must be taken when operating at
lovi valtes of Y ger because of tha reducad LSB step size
and the resulting higher accuracy requirement placed on
the converter. The following factors must be considered
when operating at lovw Ve values:

1. Offsat

2. Moise

3. Conversion speed (CLK fraguency)

Offsetwith Reduced Vpgr

The offsetof the LTC1286 has a larger effect on the autput
code. When the ADC is operated with reduced reference
voltage. The offset (which is tvpically a fixed woltage)
becomes a larger fraction of an LSB as tha size of the LSE
i reduced. The typical curve of Change in Offset vs
Reference ¥ oltage showss how offset in LSBs is related to
refarence voltage for a typical value of Vg, For example.
a Vg of 1220 which is 0.1LSE with a 5 reference
becomes 0.5LSE with a 1% reference and 2 5LSBs with a

LTHER
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APPLICATION INFORMATION

Q.24 reference. If this offset is unacceptabls. it can be
corrected digitally by the receiving svstem orby offsetting
the “~" input of the LTC1286.

Noise with Reduced Vper

The total input referred noise of the LTC1286 can be
reduced to approximately 400uY peak-to-peak using a
ground plane, good bypassing. good layout techniques
and minimizing noise on the reference inputs. This noise
is insignificant with a 5Y reference but will become a larger
fraction of an LSB as the sizs of the LSB is reducad.

For operation with a 5Y reference, the 400u¥ noise is
only 0.33LSB peak-to-peak. In this case. the LTC1286
noise will contribute wirtually no uncertainty to the
output code. However, for reduced references the noise
may become a significant fraction of an LSB and cause
undesirable jitter in the output code. For exampla, with
a 2.5Y referance this sarme 400u¢ noise is 0.66LSR
peak-to-peak. This will reduce the range of input wolt-
ages over which a stable output code can beachieved by
1LSB. ffthereference is further reducedto 1V, the 4000y
noise becomesequalto 1.65LSBsand astable code may
be difficult to achieva. In this case averaging multiple
readings may be necessary.

This noise data was taken in a very claan setup. &ny setup
induced noise (noise or ripple on Veg. Wrer oY) will add
to the intemnal naise. The lower the reference voltage to be
usailthemoreiitical itbecomes to hawea clean, noise free
satup.

Conversion Speed with Reduced Vpeg

With reduced 1eference voltages, the LSE step size is
feduced and the LTC1286 internal comparator over-
drive is reduced. Therefore, it may be necessary to
reduce the maximum CLK frequency when low values
of Vper are used.

DYNARMIC PERFORMANCE

The LTC1286:LTC1298 have exceptional sampling capa-
bility. Fast Fourier Transform (FFT) test techniques are
used to characterize the ADC's frequency response, dis-

tortionand noise attherated throughput. By applying alow
distortion sine wave and analyzing the digital output using
an FFT algorithm. the ADC's spectral content can be
examined for frequencies outside the fundamental. Figure
11 shows a typical LTC1286 plot.

0 T T
Ta=25°C

| Voo =Vper =S¢

[t = SkHz

foik = 200kHz

I lsur = 12.5kHz

1
~n
=3

A
>

]
o
[~}

)
=)
S

MACMTUDE (dB)

-100

-120

-140

U, 1 2 3 4 5 6 7
FREQUENCY (kHz}

LI Q1

Figure 11. LTC1286 Hon-Averagad. 4096 Point FFT Plof

Signal-to-Neise Ratio

The Signal-to-Floise plus Distortion Ratio {S/N + Dis the
1atio betwaen the RMS amplitude of the fundamental
input frequency to the RIS amplitude of alt other fre-
quency components at the ADC's output. The output is
band limited to frequencies aliove DC and belows one half
the sampling frequency. Figure 12 shows a typical spec-
tral content with a 12.5kHz sampling rate.

Efiective Number of Bits

The Effective llumber of Bits (EMOBs) is ameasurement af
the resolution of an ADC and is directly related to S/(H+D)
by the equation:

EfIOB = [S/{l + D} - 1.76)/6.02

vihere SAH + D is expressed in dB. At the maximum
sampling rate of 12.5kHz with a 5V supply. the LTC128
maintains above 11 ENOBs at 10kHz input frequency.
Above 10kHz the ENOBs gradually decline, as shown in
Figure 12, due to increasing second harmanic distartion.
The naise floor remains fove.

18
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Figure 12, Efiective Bils and SAM + D} vs lnput Frequency

Total Harmonic Distortion

Total Harmonic Distortion (THD} s the ratio of the RIS
sum of alt harmonics of the input sighaltothe fundamental
itself. The out-of-band harmonics alias into the frequency
hand betvieen DC and halfof the sampling frequency. THD
is defined as:

Ju2 g2 2 2
THD = 20log A ST,
g -

£l

where vy is the RMS amplitude of the fundamental fre-
fquency and Vo through ¥y are the amplitudes of the
second through the H" harmonics. The typical THD spaci-
fication in the Dynamic Accuracy tahle includes the 2nd
through 5th harmenics. With a 7kHz input signal. the
LTC1286/LTC1298 have typical THD of 80dB with Vg = 5Y.

Intermodulation Distottion

it the ADC input signal consists of more than one spectral
component the ADC transfer function nonlinearity can
produce intermodulation distortion (IMD) in addition
to THD. 14D is the change in one sinuseidal input
caused by the presence of another sinusoidal input at a
different frequency.

Iftiso pure sine waves of frequencies f, and fp are applied
to the ADC input, nonlinearities in the ADC transfer func-
tion can create distortion products at sum and difference
frequencies of mi; + nfy, wheremandn=0,1.2 3, etc.
For example, the 2nd order IMD terms include (f; + f) and
{fs — fp) vehile 3rd order IMD terms include (2f; + ),
(21, - fp). iy + 21, and (f; - 2fy). If the two input sine
wavesareequalin magnitudes, the value (indBj of the 2nd
order IMD products can be expressed by the following
formia;

KD, = ) = 20l0g

amplitude {f, +1,]
amplitude at

Far input frequencies of 5kHz and 6kHz, the IMD of the
LTC1286/LTC1298 is 73dB with a 5Y supply.

Peak Harmonic or Spurious Noise

The peak harmenic or spurious noise is the largest spec-
tral companent excluding the input signal and DC. This
value is expressad in dBs relativeto the RMS valua of a full-
scale input signal,

Fuli-Power and Fuli-Linear Bandwidth

The full-powrer bandwidthis thatinput frequency at which
the amplitude of the reconstructed fundamental is re-
duced by 3dB for a full-scale input.

The full-linear bandwidth is the input frequency at which
the effective bits rating of the ADC falls to 11 hits. Bevond
this frequency. distortion of the samplad input signal
increases. The LTC1286/LTC 1298 have besn desianed to
optimize input bandwidth. allowing the ADCs to
undzrsample input signals with frequencies above the
converters” Myquist Frequency.
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TYPICAL RPPLICATIONS

MICROPROCESSOR INTERFACES

The LTC1286/LTC1298 can intarface directly without ex-
ternal hardvsara to most popular microprocessor (EAPU)
synchronous serjal formats isee Table 1). If an MPU
without a dedicated serial portis used. then 3 or 4 of the
MPU's parallel port lines can be programmed to form the
serial link to the LTC1286/LTC1298. tncluded here is one
serial interface example and one example showing a
parallel port programmed to form the serial interface.

Maotorola SPI (MC6SHC11)

TheMCB8HC 1 1 has heenchosan asan example ofan MPU
witha dedicated serial port. This MPU transfers data MSB
-firstandin8-hitincrements. The Dy wiord senttothedata
register starts with the SPI process. With three 8-hit
tranafers, the A/D result is 1ead into the MPU. The second
§-bittransfer clocks B11 through B8 of the A/D conversion
result into the processor. The thitd S-bit transfer clacks
the remaining bits, B7 through BD, into the kPU. The data
is right justified into twa memory locations, AfDing the
second byte with OFyex clears the four most significant
hits. This operation swas not includedin the code, It can be
inserted in the data gathering loop or outside the loop
wihen tha data is processed,

MC68HC 11 Code

Inthis example the Dy word configures the input MMUX for
asingle-endad input to be applied to CHO. Tha conversion
result is output MSB-first,

Table 1. Microprocessor wilh Hardware Serial intarfaces
Gompatible with the LTC12864TC1298

PART NUMBER | TYPE GF INTERFACE
flotarola
MCES0552.53 sl
MCH8HC11 SPI
MCBSHODS 8P
ACA
(DPESHC0s [ sp
Hitachi
HD6303 SCI Synchronous
HD63705 SCI Synchronous
HD6301 SCl Synchronous
HDB3701 SCI Synchronous
HDE303 SCl Synchronous
HD64180 C8I:o
Natienal Semiconducier
COP400 Family MICRGWIRE!
COPB00 Family MICROWIREPLUS
1530500 MICROWIRE/PLUS
HPC16000 Family MICROWIREPLUS
Texas Instrunients
TMS7002 Serial Port
TMS7042 Serial Port
THS70CT2 Serial Port
THS7GC42 Serial Poit
THMS32011° Serial Port
THS32020 Serial Port
[ntel
8051 | Bit Manlpulatlon on Parallz! Port

* Requires exferral hardware
" MICROWIRE and MICROWIRE/PLUS are trademarks of
National Semionductor Corp.
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Timing Diagram for Inferface to the MCEBHCT1
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LABEL | RINEMONIC | OPERAND | COMMENTS LABEL [MNEMONIC |OPERAND | COMIAENTS
LOAA #55) CONFIGURATION DATA FOR SPCR WAIT1 | BPL WAIT1 CHECK IF TRANSFER IS DONE
8TAA $10e8 LOAD DATAINTO SPCR i$1028) LDAA 81 LOAD DI INTO ACC A FROM $51
LDAA #518 CONFIG. DATA FOR PORTD DOR STAA §1024 LOAD DIM INTC SPI, START SCK
STA4 $1009 LOAD DATAINTO PORTD DDR WAITZ | LDAA 810260 CHECK SPI STATUS REG
LDAA #5601 LOAD DINWORD INTO ACC A BPL WAIT2 CHECK IF TRANSFER IS DONE
STAA 330 LOAD DIN DATA INTD §50 LDAA $1024 LOAD LTC1291 MSES INTO ACC A
LDAA #5A0 LOAD DINWORD INTO ACC A STAA 82 STORE MSBs N $52
STA4 851 LOAD DIN DATA INTO $51 LDA& 52 LOAD DUMMY [NTO ACC A
LDAA #6500 LOAD DUMMY DIMWORD IITO h $52
AGCA STAA $102 LQAD DUM 1Y DIN INTO SPI,
STAA $52 LOAD DUMMY DIN CATAINTO 852 STAR
LDX #1000 LOAD INDEX REGISTER X'WITH WAITS | LDAX $1029 CH EC,K oPI STATUS REG
$1000 EPL WAIT3 CHECK IF TRAMSFER IS DONE
LOOP | BCLR $08X#801 | DO GOES LOW iCS GOES LOWY) BSET §08.X¥801 | DO GOES HIGH (TS GOES HIGH)
LDAA $50 LOAD CAN INTO ACC A FRON 850 LD&A $102A LOAD LTC1291 LSBs il ACE
STAA S10e4 LOAD DIN INTQ SPI. START SCK STAA 33 STORE LSBs IN $53 -
LDA& $1009 CHECK SPI STATUS REG Jp Loop START NEXT CONVERSION
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interfacing to the Parallel Pedt of the INTEL 8051 LABEL | MMEMONIC | OPERAND | COMMENTS
Family MoV &, #FFH Dy waurd for LTC1208
. SETB P14 Make sure TS is high
The Intel 8051 has been chosen to demonstrate the CLR P14 TS goes low
interface between the LTC1298 and parallel part micro- Moy R4, #04 Load counter
— ; L0OP1 | RLC A Rofate Dy bit into Carry
processors. Hormatly the CS, CLK and Dy signals would oA P13 S
be generated on 3 port lines and the Doy Signat read on Wov Pi2.C Qutpu Dy bitto LTC1268
a th port line. This warks very veell. However. we wil St i e
damonstrate hereaninterface with the Dy and Dgyrof the pioY P #04 Bit 2 becomes an input
(b ied together as described inthe SER; = CLR P13 SCLK goes low
IF-}{(?EZQQ% ttil ?tﬂ?isﬂla!ﬁ d ecul?r dinthe SERIALINTER i RI#® | Load couter
section. This saves one wire, LooP2. | hay GP12 | Read dala b i Gary
» g 1o Acc.
The 8051 first sends the start bit and MUX address to the seTe p13 NeLk oy
LTC1298 over the data fine connectzd to P1.2. Then P1.2 CLR P13 | SCLKgoeslow
is reconfigured as an input (b writing toit a one’ and the &ﬁ? Egvk‘)”” g{m bt
e Y & S 2, ore MSBs in R2
3051 reads back the 12-bit A7D resuit over the same data CLR A Clear Acc.
line. Moy R4, #4 Load counter
LOOP 3 | MOV P12 Read data bit info Carry
RLC A Rotate data bit into Acc.
e LS{ :u SETB P13 SCLK goes high
AALDG : Ak 13 CLR P13 SCLK goes low
was) T s Hfa—et A DNz RIL00PD | Redtbi
= Iy MUX ADCRESS MOV R4 204 Load counter
i dan 1 LOCR 4,  RRC A Rotate right into Acc.
Ry R DJNZ R4,LO0P 4 | Hext Rotate
MOV R3,A Store LSBs in RS
SETB P14 78 qoes high
Dour FROM 1248 STORED I 8501 RAN
SB
2 [Bi1 BIOBY B3 B7 B6 B5 B4 |
LSB

R} [B3 B2 B BO O 0 0 10 ]

M3BF BIT LATCHED

__\ INTO LTC1208 f
= 1

CATA
Oy Deyr)

B11 l B1C¢ | B® B8 B Bs BS Bd B3 B2 B1 BOY

A s

2051 P1.Z OUITPUT S DATA

LTC1228 SEMDS &/D RESULT

11
1!
i BACK TO 2051 P12
11
[ -

TOLTC1298
8031 P1.2 RECONFIGURED o
LTC1258 TAKES CONTROL OF CATA
AS IM INPUT AFTER THE 4 TH RISING (LK —— pt—
AN BEFGRE THE ATH FALLING OLK LINE ON dTHFALLING CLK X m e
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TYPICAL RPPLICATIONS

A “Quick Look” Cireuit for the LTC1286

Users cangetaquick look at the functionand timing of the
LT1286 by using the following simple circuit (Figure 13).
Vperis tied 1o Yec. Vi is applied to the +11 input and the
—IN input is tied to the ground. TS is diiven at 1/16 the
clock rate b the 74C161 and Doyr outputs the data. The
output data from the Doyt pin can be vizwed on an
oscilloscope thatis set up to trigoer on the falling edge of
TS {Figure 14). Note the LSB data is partially clocked out
befare CS goes high.

4K RS

—a 0a
Vi — —8 8
DA e
i an
o & _| it T
SHD @ l _{Eno L0AD
9

¥ 4 CLOCKIM 250kHz
\ﬂ—l
TO 0SCILLOSCOPE

PR

Figure 13. “Quick Look" Circuit for the LTC1286

B Lee

B11) Lt
VERTICAL SV
HORIZSHTAL: 100D

A

Figure 14, Scope Trace the LTC1286 “Quick Look™ Circuil
Showing AD Outpu! 101616101010 (AAAWg)

[ctn Vi -1 5¢

Micropower Battery Vollage Moniter

A common problem in battery systems is battery voltage
manitoring. This circuit monitors the 10 cellstack of MiCad
or NilH hatteries found inlaptopcomputers. [t draws only
G7uA from the 5Y supply at faye = 0.1kHz and 2504 to
S5ud from the battery. The 12-bits of resolution of the
LTC1286 are positioned over the desired range of 8V to
16Y. This is easily accomplished by using the ADC's
differential inputs. Tving the —input to the reference gives
an ADC input span of Yger to 2¥pgr 12.5V to 8Y). The
resistor divider then scales the input voltage for 8 to 16Y.

BATTERY MOUITOR ¢
INPUT 8/ T2 16¢ =
f = o
0% $30k T
< =
& CS
Lk
Dot

)

] 1

ak K Inon2s o
RIS

Figure 15. Micropower Battery Vollage Monitor

(IR P

LTS

Infoamatinn turnizhod by Linasr Tochinalugy Curponatian is belisvad o be aocurats and relialda.
Howser. noresporsibility i assarmed lor its use. Linear Tochnalegy Comoration rakes: no mptesan-
tien that the imer:conection of ¢ muits as deseribed hemin will net infringe on 2xisting ptent rights.
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ﬂ National Semiconducior

LM2907/LM2917

General Description

The LM2907, LMZT senes are moncllile frequsncy 1o
voliage converlers with a high gain op anplcomparator de-
signed I operate a relay, lamp, of cther lead when the input
requency reaches ar exceeds a seledad rale. The tachoin-
ekl Uses a ehiarg pump fechniqus and offers requency
dautiing for kra npple, full iInput profection in beo wersions
(LM2907 -3, LM2917-B}and Its output s:aings 1o ground for a
710 Irequency Inpul.

The op amp‘camparator Is fully compatibls with the tadiom-
ekt and has @ ficating transistor as s output. This teature
dlaas efther aground of supply refered [oad of up 10 50 ma
Tha collecior may be lken above Ve up to a madmum viog
of 28V,

The tao basde conligurations ofisred Induda an 8-pn device
wtih a gnound reienaiced tzonomieter Input and an Inlemal
connechon betaean the tachometer cutput and the op amp
non-rering inpul. Ths sersien s well sulted ¥ single
speed or fiequency swliching o fully buffemd frequericy io
vollage conversion applicaticns.

The mare wsalile configurations prowide diferential ta-
chometer Input and uncom mitted op amp Inpals. A this
version e tachomelar Input may b2 floated and Ihe op amp
bacomes sultabia for acttwe filler conditioning of the adom-
eter cutpat.

Baiti of thaca configuralions are avallable with an aclive
shunt reguiator connacked aomes the powsr leads, The
tegquiator clamps the supply such thal slable fraquancy fo
voltage and fequency 10 cument operations are possble
‘Atih any supply woltzge and a suftable resislor.

Advantages

= Outpul swings 13 ground far 2ero Irequency Input

June 2000

Frequency to Voltage Converter

® Easy louse: V., =, x V. xR1xC1

= Only on2 RC retwork provides fraquency doublng

& Zener tegulator cn chp alows accurata and stabk
frequency to wiltage or current conversion (LM29173

Features

= Ground relerenced tachomeler input interfaces direclly
with vadabk reluctance magnelic pickups

® Op ampicomparaion has floating ransktor output

= 50 mA sink of s0uroz 1o operats refays, scdlenolds,

meters, of LEDs

Frequency doubling for kow rippie

® Tachomeler has buill-in hysteresls with &lther diftarential
Input or ground reterenced tnput

& Bulit-in zener on LIM2917

= +0.3% lin2arty typieal

® Ground rekrenced tachometer Is tully protacted from
damage dua o swings abova V.. and bekyw ground

Applications

B Crvet/uner spead sensing
= Frequency ko voltags conversion (fachiomslen
Spaedometers

Breaket polnit dwel mefars
Hand-held 1achameder
Spaed governors

Crubss et

Aulomotive door lock control
Clutch coniral

Horm conii

Touch or sound sattaies

. |
=1 (3N

I_i
’ “{‘ F Ay -;3 i

Qnder Mumber LIA290TM-8 or LIA2907 N-6
See NS Package Number MO8 or HOSE

2 “

Block and Connection Diagrams pudinLne and Smat quitns Packages, Top Viaws

o,

HERe >

order Humber LK2917RHR or LM2917H-8
See NS Package Number I08A or NOSE

: 2681 Moicnal Somiconduckr Corporation CELL7SM2
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L2907 L2917

AL

AT B
Order Number LI2907M oF LM29Q7TN
Seo NS Package Number Midhor 144

Block and Connection Diagrams tuatinLine sm smail outine Packages, Top views {Coninued)

|

P e £
(2SSt O

Orcier Numbrer LM2917 8 or LM2917M
See NS Package Humber M14A or N14A

wewaviialiond.catn




Absolute Maximum Ratings (ote 1

It Miittary:aerospace specified devices are required,
please contact the Natlonal Semiconductar Sales Office
Distributors for avallabliity and specHications.

Supply Vollage
Supply Current {Zaner Cplions;
Calieclor vVoltage
Dirksrential Input Yoltaga
Tachomeder
Op Ampioomparator
Input Voltage Range
Tachameter
LM2907-8, LM2917-B
LM2967, LM2917
Op Amp!Comparator

Electrical Characteristics
Veog = 12 Yo, Ta = 25°C, see test droull

Y
25 mA
Y

S
W

nY

T29v
0.0V [ +28Y
0.0V [0 + 28V

Fower Dissipation
LK12907-8, LM291T-8
LM2907-14, LM2917-14
See (Note 1)
Uperating lamparature Range
Storaga Temperatire Rangs
2oldaring Information
Dual-in-Line Packaga
Sokering (10 seconds)
Small Dulline Package
wapor Phase (60 saconds)
lilrared {15 seconds)

Se2 AN-450 "Ruitace Mouning kethods and Ther Effect
an Freduct Raltablliy” for other methods of soldering

surface maunt devcas

1200 mywY
15B0 myY

-G +8SC

650 to +150°C

280°C

215°C
22°C

Symbol | Parameter | Gonditions | rm | Te | max | units
TACHOMETER

Inpul Threshoids Vi = 250 MYE-P € 1 kHzZ (Note 2 £10 | £26 £40 mv

Hysterasis oy = 250 MYP-p & 1 kHZ (Naba 2 30 my

Offsal Voltage Vi = 250mypp & 1kHz (Nale 21

LM290T L2217 35 1 my
LM2907-AL M2917T 8 5 15 iy

Inpul Blas Curent Vi = T50 MY, a1 1 Hé
Vot Pin 2 Vi = +125 MYo. (NoE 3) 8.3 0
VoL Pin 2 Vi = —125 MY, (Noke 3) -5 v
I Iy Dutpul Current \2 - V3 = 6.0V (Nofe 4) W0 | 180 240 WA
Is Leakage Curent 12=0,V3=0 o1 A
K Galn Constant (Noke 3) 0.9 1.0 1.1

Lineartty f, = 1 kHz, 5 kHz. 10 kHz (Nota 5) 10 | a3 0 %
QP AP COMPARATOR
o, Vi = 8.0V 3 10 iy
[ Vi - 5.0V 50 500 N

Input Comman-tMade 0 Vea-1.5¢ v

vollage

Vallage Gaii 20 Wimv

Cutput Sink Current Ve = 1.0 40 50 mA

Gutpul Sourca Gurrent Ve = Voo -2.0 10 mh

Safiraion Vatage leru = 5 A 0.1 05 v

lzgag = 20MA 1.0 v
ly e = 50MA 1.0 15 I

ZENER REGULATOR

Regulator Vollage Rorop = 47032 7.56 7]

Sefles Resstanoz 10.5 15 Iy

Temperature Stability +1 mAc

TOTAL SUPPLY CURRENT 3.8 G n&

Nota 1: Fur cpwraton h sinbiard kempsratires st

of 109 'CAN ponction 1o smblert for LRGS0T-4 and LAGYIT-4, sid T 0% [uncllon tu ambkn? for LIAZI0T. 14 and LRGT-14.
Note 2: Hyzkiazts 5 the: Sm +Wp, - (A pgp oftsel volings is ther dfirsno S5 ket chaul).
NOtO 32 4y B SR 10 30 X Von — 1 %pg, Vi 15 @QUAND M X Wep - 1 Wipg TIEOSDIG Yopy = Vg = WegZ The difenae Vaon = Vi, PO N meToe gan iy,
ara {he twn taekor faf cavse he tacthomatar gain constant b vary fom 1.0

-, e entie Mt tu daked based 012 195°C maxdmum pectiod kmperabes @ 2 hamsl restetante

w
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LML



-
1

LM291

LM2907

Electrical Characteristics conueg

Nota 4: B yure whil thoten] Ihe: tma coretan! R1 x G1 biat R1 15 5u2h hal his maxmum antopakad oopu wiitags o Jn 390 e reachied win HXR1 The
mRndm vake ke RY b Intled by Bk oLtpul resistance of p 2 which (s greater Han 10 MO Iypecaly.

Nole 5: Nordnearity is detnned 25 g daviation of Voyg {52 Fi 3] e 1y = S BHI uma straghtine SvRd Sy B Veyy & 1EHI 01 Ny 8 13 KHE G = 1630 0F
A1 = 680 andC2 = 222 mFe.

Test Circuit and Waveform
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Typical Performance Characteristics
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' T
’ e
i &
3— . ar't -
: e
5 1 e+ x 4
E’ 1 r"# T ‘
F o e
' + +

BT

SEPFLE WOLEGSE T0]

[ie e PR H

Nomuallzed Tachometer

Cutput vs Temperature
2ia e
‘—"ﬂﬂ. FARIUENTY - PR _
£
;xu i v
S ] i &
z;* P :
5,,‘ e 0 GG e i s
S ] )
Saem
= LW T i
o8 & ¥ N SR whinky by’ W JHN
E i 2
gEM (R | +
Towm Ao . '
SR T T T T
TARILRR GRE (e
[ B K )
Tachomater Llﬂ‘.’aﬂfj
vs Temperature
w
g v
E O fopy,
Z g frr-gae
el s W <
5 -
z P
R e
= 0wy
E oty
L T
M i
EEE I

TEam BATYES 102

0T 40

Zener Woltage vs
Temperature

B2 —
LT L PORN U SO S
ruE -

]

ZEMER ¥ELTROE Y]
-
¥
T

143

i
N

~Eo-s Y M s 8 on
TN ERa YRR "y

Tachometer Cutrents |,

and Iy vs Supply Voltage
= .
Ll

AN
AN
hee
5%

b
;

i

1»% =
B

£ 8 33 02 15 14 28 F2 302y e

TAPR VAU LTSS i
jE2t BE ]

Tachometsr Lineartty
vs Temperature
¥
%3
(3
nr
3
e
as
a1
ax
€1
3

TACHERETRR LINFRITY EARIA 1

or S R S LR I

rEReERItgaL ('3
pce TR

Normalized Tachometer
output vs Temperature

S he
ST

©

v 1086

= oree
§|m
Jum
= o
S
F

Fome
Fowt

Tachometer Currents by
and b vs Temperature

L R

Tachometer Lineartty vs R1

SUTFUT LIREAR V¥ L rRON )

R
.'u{lﬂﬂ‘(‘-?“"l
PEY S

Tesi matuns 0

E- 2R LI S )

LA AL

1c
(142
éé
&)
L1
s

s B &% 66 &
TirkX RATURE 6

AR E

as
2
i
a1

o

weawnationalcom

LESZMTILOSEMN



LM2907LM2917

Tachometer Input Hysteresls

Qp Amp Output Transistor

Typical Performance Characteristics ontnued;

Op Atp Output Transistor

Applications Information

The LM2207 setles of tachometer craulls Is designed far
minimurn exernal parl count applications and maximum ver-
salility. In ordsr o fully explott s featuras and advantages
lel's examige Its iheory of operatian. The first stags of op-
eration & a difierential ampifier diving a posiive feedback
fip-fiop circutt. Tha Input hreshold yollage Is the amaunt of
differential nput valtage at which the oulput of this stage
changes state. Two oplions (LAM2307-8, LM291T-B) hawe
one nput Internally groundad sa that an nput signal must
swingabove and below ground and exceed the Inpul thresh-
alds lo produce an oulpul. This Is affered spedfically for
magnetic yvanabie reuctance pkups which typically provile
a siugle-ended ac oufput. This single input s also fully
proleciad against vollage swings to £268%, which are easly
atialina] with thasa types of plckups.

The differential Input options (LM<007, LM2917) gva tha
user the ophion of seting Ns can Input satiching ket and
slil have (ha hysleresls around that level for excaliznl nolss
rejrotion In any application. ©f course In ordar o allow the
Inputs lo atiain commen-mode woltages abave ground, nput
probecticn s removwed and nelther Input shoukd be tken
outside ihe limits of the supply vollage beng used. 1t Is very
Impartant that an inpul not go balow ground withaut scine
reststance In s lead o Imit the current Lhat wiil then flow In
Ihe epl-substialz dode.

Faliowing theinput stage 1s the charge pump whicn the put
frequenzy is conwerled b a de woltage. To do s requires
an2 Hming capaditor, ane oulput resistor, and an Inkegrating
or filier capaditor. When the Input stage changes skl (due
Lo asuftable Zero arossing o differential vollage on fhe inpuf)
the tining capaditar & elther charged or dischanged linaarly
betacen tawo volbages atiose difference b Vis2. Thien in
ona hafeyde of the nput requency or a bme equal to 122 1,
the changs In charge on the #ming capaciior Is equal to
V=2 X C1. The average amount of current pumpad into or
oul of the capaditar then Is:

The cutput droult mirrors Ihis current very accurately nto the
load reskstor R1. connected fo ground, such that i the pulses
of current are Infegrated with a filter capacitr, then vV, =1 X
R1, and the total convarslon equation baccmes:

Vo = Ve Xl XC1 X R1 XK
Where K is the gan constant — typically 1.0.

vs Temperature Charactesistics Characteristics
g TR 39 : L
I S S o 1 S WR S S | AL ﬁ
B ! =] i i ¢
2 R ; E
= = s ! ]
z £ g —f- - ~-‘-‘-+-~Z 3 =
E . e % =
: EIsERsaR: e
i e ot B ol S
& ® e ‘_,L/j,é{_d g o
B £ oo ] EE
§ rd 'fimu 12V, 47820} o
g a2 IS R P 5 .i\__. [ 3]
s ey > R T . .
B LI I L g 5 i " &8 @ ] g n n @ n
AEHRLTUM T ST
ENAGE FOVALE CURRERT ina) ki o

NEER AL

The stz of G2 5 dependent only on the amount af rippie
witige allowabke and the required respanse ime.

CHOOSING R1 AND C1

There are some Ilmitallons on the chokce of R1and G1 which
should be considered far optimum perfarmance. Th= Hming
capaclior alsa provides Intemal compersation far the charge
pump and should be kepl larger than 500 pF for wery axcu-
rate operation. Smaller values can causa an&rrorcument on
R1, espadally al low tenparatures. Several consldarations
must be met when chaesing R1. The output cument al pn 3
B Intarnally fixed and thenafare %o /R1 must bz less than or
equal fo this value. §# R1 & too large, It can becoms a
signicant fracton of tha output iImpedanoa at pin 3 which
degradss lineanty. Also oulpdt fppke woitage miust be con-
siered and the stze of C2 Is aftecled by R1. All expression
that describas the ripple content on pn 2 or a singke R102
combination s

wr \ Wrp s f Gl
Lt M- f)d M k- pic
| 4 l ‘:

= e £

It appaars R1 can be chiosen Independent of fppls howewer
fesponsa tma, of the time 1t takes Yy o to stablitze ata new
wollage Incrzases as the size of G2 horesasss, s0 a compro-
misz belwaen rpple, response ime, and lingarlty rmust bs
chosen carefully.

A5 a final conskdaration, the maxdmum atiainablke Input fre-
quency Is determined by V... C1and I;

I

Vherpis

USING ZENER REGULATED OPTIONS (LM231T7)

Far thos= appications where an qutput voltage or current
must b2 obfalned Independant af supply woltags varkations,
the LM2917 Is offered. The most Important conskdaration In
chacsing 2 dropping resistar from the unreguiakzd supply b2
the davice Is that the tachameter and op amp cliculiry alone
i=quire about 3 mA at the waltage level provided by lhe
Zefar, Al low supply wollages there must be some current
ficaing In the resistor abowe the 3 A croult cument b
operate the reguiator. As an example, If the raw supply
vartes fram SV fo 16V, a resistance of 47002 Wil mnimtre the
zeqer vallage varation o 180 mv. If the resklance goss
undsr 40002 or over 60042 the zener varalion quickly fses
aboe 200 my/ for tha same Input vartation.

wevwnationa.owm




Typical Applications contnueq)

Changing the Qutput voltage for an Input Frequency of Zero
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LI$23507/LM2917

Equivalent Schematic Diagram
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LMZ2907/LM 2917
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Physical Dimensions mches qmiimsters) uniess otheratse nuled (Contnued)
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LM2907/LM2917 Frequency to Voltage Converter

Notes

LIFE SUPPORT POLICY

systeme which, {a} are intanded for surgical implant
into the body, or (bj support or sustain life, and
whaose failure to perform when propery used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury o the user.

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIEE SUPPORT
CEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As us=d hersin:

1. Life support davicas or systems are devioss or 2. A critical componsnt is any ecmponent of a life

support device or system whose failure to perform
can be reascnably =xpacted to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

Natiend Semiconducior Nahona giemicondusior

Corporation Eurce

Amsree Fax. 00y 1EO-S30 25 B3
Emad Spatifie: cm ENER. QAP Pyt

Ositzeh Tl 49 §{n 80 9503 636
Engestt Tl +44 {4 &70 24 D 21T
AT IMEn 2 o Framvat Tal: +31 06 1 41 0 £725

Natonal Semiconducior Nationd Semiconducior
AslaPacfic Customar Japan Ud.

Rezponse Croup Ta: Bl-3E33T50

T4 653544468 Fax 31-3963. 7517
FRX B5-T904R5S

Enuf o surfatgnscmn

FEBXG s b 2T UK TRTERM N nkef T ORI RIS R GO RO KRS 0% TG T RANES TR 1 B AR GTCRTA%S 1 FALR ST IRNRY F2 GEABRSTFL




+ 33k ok ok ook ok ok sk Skokok skokok ok oskokok skokokok skokskok ok sk skokok kol sk ok oR Rk osk sk sk sk ko ok
b

;PROGRAME DOPPLER.ASM FOR PROJECT 2.

;FOR' MCS 51(P89CS1RD2)

;ASSAMBLER WINISP(PHILIPS)

< dokk ok ok kok ok kokok kR sk ok skokokok ok skokk ok sk ok ok sk sk ok kR ok ok okok ok sk k sk ko koK
s

-**************************************************
s

-k
’

Define User Register

*

-**************************************************
i)

LCD_ADDR
LCD DATA
CHANNEL
DATA_BUF
BUFFER

DATA

CON

EQU

EQU
EQU
EQU
EQU
ORG
DS

ORG
DS

030H

031TH
037H
032H
039H
040H

050H
8

= 3 3% 3k 3k 3k ok 3k ok 3k Sk ok 3K 3k ok 3k ok 3k ok 3k 3Kk 3k 3k 3k 3k 3k ok ok ok ok sk ok sk

ok Define Prot&Pin Name

*

= 3 3Ok 3k ok ok 3k 3k 3k 3k 3k 3k ok ok ok 3k %k 3k 3k % K 5k 3K 5k 3K 3K 3k K ok ok sk ok ok sk ok ok
s

Cs

CLK

DIO
SWO0_PIN
SWI1 PIN
LCD_EN
LCD RS
ZOV

BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT

Pl.4
RPi3

Pl1.2

P3.7

P2.5

; For keep LCD Address
; For keep LCD Data
; For keep Channel
; For keep A/D Data
; Buffer

; For keep A/D Data

;Chip Sclect
;Clock
;Input and Output pin
;Interrup 0
;Interrup 1
; LCD Module Enable

; LCD Module Register Select



« % kok ok oKk okok sk osk ok okokokokoskokok skokok skokk ok ok
s

)

DEFINE PORT

= %k ok ok koK kok skokok ok skokokokok ok kokok skokok sk ok
E)

X0
X1

X3
YO0
Yl
Y2
Y3
Z0
Z1
Z2
Z3
Z4
Z5
PRO
PR1
PR2
PR3

=3k % 3k ok ok ok ok 3k ok ok koK skokok sk ko ok kokok kokk skokok sk ok k
b}

3

MAIN PROGRAME

ORG 020H

DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

1

1

1
1

;Hold dividend

>
;high divisor

;low divisor

;Low remainder
;High remainder
; quotient
;quotient
;quotient

;High quotient

;Store the pratial remainder

%

sEECRRkkkkokkokkockkkkkkkkkkkkkkkkkk
9

ORG
MOV
MOV
MOV
MOV

- 0000H
PO, #00H ; Clear Data bus
P3.#01FH ; Clear status LCD ,P3.2-3
P2, #00H ; Clear Data bus

CON+0,#00



MOV CON+1,#00

MOV CON+2,#00
MOV CON-+3,#00
MOV CON-+4,#00
MOV CON+5,#00
CLR A
SETB SW1 PIN
MOV R1.#0
MAIN: ACALL INIT_LCD ; Call LCD Initial subroutine
MOV LCD_ADDR. #000H ; Set Address 00H
ACALL SET ADDR LCD :
MOV DPTRATITLE 1
ACALL WRLINE LCD ; 00H-07H,40H-47H
MOV LCD_ADDR #040H
ACALL SET_ADDR LCD
MOV DPTRATITLE 2
ACALL WRLINE LCD
ACALL DELAY 1s
MAIN LOOP: MOV LCD_ADDR #000H ; Set Address 00H
ACALL SET_ADDR _LCD
MOV DPTR#TITLE 1 ; Index Pointer ROM to
ACALL WRLINE LCD
ACALL DELAY 1s
ACALL LTC RD ; Read data from LTC1298
MOV CON+0,#00
MOV . CON+1,#00
INB SW1_PIN,HOLD ; Check SW1
B SWO_PIN.NEXT ; Check SWO
INC R1

NEXT: CINE R1#1,NEXT1



SETB
SETB
CLR
ACALL
MOV
ACALL
MOV
ACALL
ACALL
ACALL
AIMP
NEXT1: CINE
MOV
NEXT2: SETB
SETB
CLR
ACALL
MOV
ACALL
MOV
ACALL
ACALL
ACALL
AIMP

P2.2

P2.0

P2.1

Km

LCD_ADDR, #040H
SET_ADDR_LCD
DPTR#TITLE 5
WRLINE LCD
SHOWKM
DELAY 1s
MAIN_LOOP
R1#2,NEXT2
R1,#0

P2.2

P2.1

P2.0

Ms
LCD_ADDR.#040H
SET_ADDR _LCD
DPTR#SCR_ADO1
WRLINE LCD
SHOWMs
DELAY 1s

MAIN_LOOP

= 3k 3k ok ok ok koK ok ok sk sk ok skok ok sk okok ok skok ok skokk skokok
]

-**********HOLD************

= %k 3k 3k ok sk ok ok ok ok skokok sk okok sk ok okk ok kok Rk ok sk ok k
E]

HOLD: SETB
SETB
CLR

P2.1
P2.0
P22

; Set Address 00H

’

; Index Pointer ROM to

; 00H-07H,40H-47H



HOLD_LOOP:

L1

MS:
K:

CINE R1#1,MS

ACALL LTC_RD

ACALL COMP

MOV DATA+2,CON+1

MOV DATA+1,CON+0

ACALL Km

MOV LCD_ADDR,#000H

ACALL SET ADDR_LCD

MOV DPTR#TITLE 6

ACALL WRLINE LCD

MOV LCD_ADDR #040H

ACALL SET_ADDR LCD

MOV DPTRH#TITLE_5

ACALL WRLINE _LCD

ACALL SHOWKM

ACALL DELAY ls

JNB SW1 PIN,L1

AJMP HOLD LOOP

LIMP MAIN LOOP
RS RS KRR R R R ok K SRS Rk R 3

CINE R1,#2,K

ACALL LTC_RD

ACALL COMP

MOV DATA+2,CON+1

MOV DATA+1,CON+0

ACALL Ms

MOV LCD_ADDR #000H

ACALL SET_ADDR _LCD

MOV DPTR#TITLE_6

ACALL WRLINE_LCD



M:

+ % 3k 3k 3k 3k 3k 3k ok sk skok ok ok sk ok ok ok sk ok kok sk kok ok
s

<%
L)

+ 3% 3k 3k 3k sk ok ok ok ok skok sk ok okook 3k ok sk sk sk ok ok kok ok
)

SHOWMs:

SHOWKM:

MOV
ACALL
MOV
ACALL
ACALL
ACALL
INB
AIMP
AJMP

SHOW

MOV
ACALL
MOV
ACALL
RET
MOV
ACALL
MOV
ACALL
MOV
ACALL
RET

e

LCD_ADDR #040H
SET_ADDR_LCD
DPTR#SCR_ADO1
WRLINE_LCD
SHOWM;s

DELAY _ls
SW1_PIN.M

K

MAIN_LOOP

LCD_ADDR #047H
SET _ADDR_LCD
LCD DATA,Z2 :ESH
HEX2LCD

LCD_ADDR #046H
SET_ADDR LCD
LCD DATA,Z2:03D
THRIEDI
LCD_DATA,Z0 ;60D
THRIED

= 3 3k 3k ok ok ok Kok ok ok sk ok ok ok ok Sk ok ok KoKk Kok ok KoKk Kk ok

-%
k)

Km/H

= 3 3k 3k ok 3k 3k 3k ok 3k 3k ok ok ok 3k % 3k 3k 3k 3k 3k ok 3k 5k % ok ok kok %k ok 3k
: |

Km:

ACALL
MOV
MOV

; Set Address

; Set Address

Msl ;Process Km/Hr

DATA+2,72
DATA+1,Z3



ACALL
MOV
MOV
MOV
MOV
MOV
MOV

ACALL

MOV
MOV
MOV
MOV
MOV
MOV
ACALL
RET
Msl: ACALL
MOV
MOV
MOV
MOV
MOV
MOV
ACALL
RET

MUL168
X0,DATA+2
X1,DATA+1

X2,DATA+0
X3,#00

Y 0,#0E8H

Y 1,#03H

DIV32

X0,22
X1,Z3
X2,#00
X3.,#00
Y0,#064H
Y 1.#00
DIV32

MUL3ES
X0,.DATA+2
X1,DATA+I1
X2,DATA+0
X3,#00
YO0.#0FFH

Y L#OFH
DIV32

< 33K 3K 3k ok ok ok ok ok 3 o ok ok ok % 3K 3K 3 ok 3 3k ok ok ok ok ok oK 3K ok ok ok ok 5k
s

% m/s

< 33k 3k ok ok sk 3k ok 3 ok ok ok sk ok ok K ok K 3k sk ok ok ok ok ok 3k 3k 3K o oK ok 3k ok
]



ACALL
MOV
MOV
MOV
MOV
MOV
MOV

ACALL

MOV
MOV
MOV
MOV
MOV
MOV
ACALL
RET

MUL3ES ;Process m/s
X0,DATA+2

X1,DATA+1

X2,DATA+0

X3,#00

YO,#0FFH

Y 1,#0FH

DIV32

X0,22
X1,Z3
X2,#00
X3,#00
YO0,#0AH
Y 1,#00
DIV32

= 33k 3k ok sk ok ok ok ok ok ok ok ok skok ok kKoK sk ok ok ok skokok sk ok sk sk ok ok
k)

%
k)

LTC RD

<k kokok ko kok ok ok ok skokokok ok koK ok kokok skkkok Sk ok kb ok
E)

LTC_RD:

LOOPI:

MOV
SETB
CLR
MOV
CPL
MOV
MOV
RLC
CLR

CHANNEL#11111111B
CS

s

A,CHANNEL

ACC.5

CHANNEL,A

R2,#04H

A

CLK

;start word to LTC1298
:init CS
;start CS

;ch0/chl

;4 bit input data word

;clock low



LOOP2:

LOOP3:

LOOP4:

MOV
SETB
DINZ
SETB
CLR

MOV
MOV

SETB
CLR

DINZ
MOV
CLR

MOV
MOV

SETB
CLR

DINZ
MOV
RRC

DINZ
MOV

SETB

MOV
SWAP
ANL
MOV

DIO,C ;data out

CLK ;clock high

R2,LOOPI1 ;1oop until 4 bit complete

DIO ;define DIO as input

CLK
R2,409H
C,DIO
A
CLK
CLK

R2,LOOP2
DATA_BUF+0,A
A
R2,#04H
C,DIO

A
CLK
CLK
R2,LOOP3
R2.#05H
A
R2.LOOP4
DATA_BUF+1,A
cs

A.DATA BUF+0
A

AHOFH
DATA+1,A

;keep data but in Data+1,2



MOV
ANL
SWAP
MOV

MOV
SWAP
ANL

ADATA_BUF+0
A#OFH

A

DATA+2,A

A,DATA_BUF+1
A

A #OFH

ORL DATA+2,A

RET

« 3 3 3K 3k 3k 3k 3k ok 3k ok R KOk Sk ok ok KR K KOk SR Ok %ok Sk Sk sk Kk K
s

J¥¥¥% HOLD MAXIMUM

*k koK

« 3% 3 3k 3k ok ok 3 3k 3k 3k ok ok sk ok ok sk ok sk ok ek sk ok ok sk ok ok sk sk

COMP: MOV
MOV
MOV
MOV
MOV
MOV
ACALL
IC
RET

KEEP; MOV
MOV
RET

=k kockkockokkokkokkkkokokkkkokkokok ok
: 3

;¥ SUB 16 BIT DPTR *
R R e EE P
; ADDRESS = 011AH

; DPTR =DPTR - R2,R3

CON+3,R3 ; Reference
CON+2,R2 ; Reference
R3,DATA+2
R2,.DATA+1
DPH,CON+0
DPL,CON+1

DPSUB

KEEP

CON+0,R2
CON+1,R3



; /P =DPTR,R2,R3
; O/P =DPTR, CY
; REG =DPTR

DPSUB: CLR

DPSUBI: PUSH
MOV
SUBB
MOV
MOV
SUBB
MOV
POP
RET

>

< kok kR sk kok ok ok skok kR sk kok sk sk ok ok ok
B

;¥ MULTIPLIER 16 BIT *

< 3%k ok ok ok sk ok sk ok ok sk oskskok skok sk sk ok ok
)

; I/P=DPTR,R2,R3

ACC
A,DPL
AR3
DPL,A
A,DPH
AR2
DPH,A
ACC

; O/P = DATA+0,DATA+1,DATA+2

; REG = B,R2,R3,R4,R5,R6,R7

MUL3ES:

MULI168:

MOV
MOV
MOV
MOV
ACALL
RET
MOV
MOV
MOV

DPH,DATA+I1
DPL.DATA+2
R2,#003H

R3 #0E8H
MULI16

DPH,DATA+I1
DPL.DATA+2
R2,#001H



MUL:

MULI6:

MOV
ACALL

MOV
MOV
MOV
MOV

MOV
MOV
MUL
MOV
MOV

MOV
MOV
MUL
ADD
MOV
MOV
ADDC
MOV
MOV

MOV
MOV
MUL
ADD
MOV

R3,#068H
MULI16

DPH,DATA+1
DPL,.DATA+2
R2,#003H
R3,#0E8H

A,R3
B.DPL

AB
DATA+1,B
DATA+2,A

A,R3
B,DPH

AB

A DATA+1
DATA+I,A
AB

A#00
DATA+0,A
A#00

AR2
B,DPL

AB
A,DATA+I]
DATA+1,A



MOV
ADDC
MOV
MOV

MOV
MOV
MUL
ADD
MOV
RET

AB
ADATA+O
DATA+0,A
A#00

AR2
B,DPH

AB
A,DATA+O
DATA+0,A

-***************************************************
’

; SUBROUTINE SUB32

; 32-Bit Unsigned subtraction

)

; INPUT :Internal registers X3, X2, X1, X0, and Y3,Y2,Y1, and YO

g hold the 32-bit unsigned integers

; OUTPUT:

internal registers Z3, Z2, Z1, and Z0 hold the result

; Z=X-Y. addressible bit ZOV is set if the result (Z) is

5 out of range (if an external barrow is produced)

; DESTROYS: A, FLAGS

9

SUB32:

MOV
CLR
SUBB
MOV
MOV
SUBB
MOV

A, X0 ; load X low byte into accumulator
C ; clear carry flag

A, YO0 ; subract Y low byte

70, A ; put result in Z low byte

A, X1 ; repeat with other bytes...

A Y1

Z1,A



MOV

SUBB
MOV

MOV

SUBB
MOV

MOV

RET

A, X2

A, Y2

72, A

A, X3

A, Y3

Z3, A

Z0V,C ; set ZOV if an external barrow is

; done

)

; subroutine DIV 32

; 32-Bit Unsigned Division

s

; input:  internal registers X3, X2, X1, and X0 hold the 32-bit

)

2

unsigned dividend. similarly, internal registers Y1 and

Y0 hold the high and low bytes of the unsigned divisor.

; output: internal registers Z5, Z4, Z3, and Z2 hold the 32-bit

; calls:

quotient of Z=X%Y. internal registers Z1 and Z0 hold

the high and low bytes of the remainder. addressible bit

ZOV is set if Y=0, i.c., the result is out of range.

internal registers PR3, PR2, PR1, and PRO store the

partial remainder. 15, r4, r3, and 12 hold the partially

computed quotient.

SUBI6

; destroys: A, R2, R3, R4, RS, R7, FLAGS

s

DIV32:

MOV

; get divisor high byte



DIV32_OK:

DIV32_LOOP:

ORL

INZ

SETB
RET

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

CLR
MOV
RLC
MOV
MOV
RLC
MOV
MOV
RLC
MOV

AYO0

; OR with low byte

DIV32 OK ; divisor OK if not 0

Z0V

Y2, #0
Y3,#0
PR3,X3
PR2,X2
PR1,X1
PR0,X0
X3, #0
X2,#0
X1,#0
X0, #0
R6, #0
R5, #0
R4, #0
R3,#0
R7, #32

C
A, PRO
A
PRO,A
A, PRI
A
PRI1,A
A, PR2
A
PR2,A

; else, overflow

; high 16 bits of Y is 0

; store dividend

; clear partial remainder

; clear partial quotient

; sct loop count

; clear carry flag

; shift the highest bit of the dividend...

;... Into...



MOV A, PR3

RLC A

MOV PR3,A

MOV A, X0 ; ... the lowest bit of the partial ...

RLC A ; ... remainder

MOV X0,A

MOV A X1

RLC A

MOV X1L,A

MOV A, X2

RLC A

MOV X2,A

MOV A, X3

RLC A

MOV X3.,A

LCALL SUB32 ; attempt to subtract to see if the...
: ; ... partial remainder is as large or...
i ; ... larger than the divisor.

MOV C,Z0V ; get subtraction external barrow

CPL € ; complement exterral barrow

INC DIV32 1 ; do not update partial remainder if no barrow

MOV X3,73 ; update partial quotient

MOV X2,72

MOV X1,Z1

MOV X0, 20

DIV32 1. MOV A,R3 ; add result bit to partial quotient



RLC A

MOV R3A

MOV A, R4

RLC A

MOV R4,A

MOV A, RS

RLC A

MOV R5,A

MOV A, R6

RLC A

MOV R6,A

DINZ R7,DIV32 LOOP

MOV Z5,R6 ; put quotient in Z3, and Z2
MOV Z4,R5

MOV Z3,R4

MOV Z2,R3

MOV b, X1 ; get remainder, saved before the...
MOV 20, X0 ; last subtraction

CLR Z0V ; divisorisnot 0 -

RET ; done

skkckkkkkkkokkkkkokkkkkkkkkkkkkkkk

**THRIED COLUME
-
THRIED: PUSH ACC
MOV ALCD_DATA
MOV B#10



NX:

THRIEDI:

NXO:

DIV

MOV
ACALL
MOV

MOV
ACALL
POP
RET
PUSH
MOV
MOV
DIV
ADD
CINE
MOV
MOV
ACALL
MOV
ADD
CINE
MOV
MOV
ACALL
POP
RET

AB
A#030H
LCD_DATA,A
WRCHAR_LCD
AB

A#030H
LCD_DATA,A
WRCHAR_LCD
ACC

ACC
A,LCD DATA
B.#10

AB

AH030H

A #030H,NX0
N

LCD DATA.A
WRCHAR LCD
A,B

AH#030H
A#030H,N

AH
LCD_DATA.A
WRCHAR_LCD
ACC



skckokkokkokok ok ok kokokkokkokkok ok kkk ok bk ok sk ok
E]

;¥ HEX Code to show LCD *

;* 1/P; LCD_DATA

+ 3% 3k 3k 3k ok ok 3k 3k Sk 3k ok K ok ok sk skokok koK ok Kok koOk Skokoskok sk sk
s

HEX2LCD: PUSH ACC ; Push ACC.
MOV A,LCD _DATA ; Get Data
MOV B.#100 :
DIV AB ; Divide by 100
ADD A #030H ; Convert to ASCII
CINE A#030H,HEX2 LCD NX ; Check x100=07?
MOV A#' ; 0 => Write Space
HEX2 LCD NX: MOV LCD_DATAA ;
ACALL WRCHAR_LCD ; Write x100
MOV AB ;
MOV B.#10 ]
DIV AB ; Divide by 10
ADD A #030H ; Convert to ASCII
NX1: ' MOV LCD DATAA :
ACALL WRCHAR _LCD ; Write Lower HEX Code
MOV AB ; Get Remainder x1
ADD A H#030H ; Convert to ASCII
MOV LCD_DATA,A j
ACALL WRCHAR _LCD ; Write Lower HEX Code
POP ACC ; Pop ACC.
RET ; Return

2
+ % 3 3k sk ok 3 ok 3k ok ok sk sk ok ok sk ok ok ok ok ok Skok ok Skookok ok ok kK ok ok ok ok
s

3% LCD Initialize *

= 330k ok ok ok ok %k 3k ok % skok ok skok ok ok ok ok ok ok ok ok ok ok ok sk kok
2

INIT_LCD: ACALL DELAY_100ms ; Delay



CLR LCD RS : Clear LCD_RS Pin

MOV P0,#00111000B ; 8bit Mode

ACALL LCD_CLK ; Pulse LCD Clock
ACALL DELAY 10ms ; Delay

MOV P0,#00111000B ; 8bit Mode

ACALL LCD_CLK ; Pulse LCD Clock
ACALL LCD_OFF ; Display Off

ACALL LCD_CLR ; Clear Display

MOV P0,#00000110B ; Entry Mode

ACALL LCD_CLK ; Pulse LCD Clock
ACALL LCD HOME ; Return Home Display

= 3k ok 3k 3 3k ok 3k 3k 3k sk 3k ok sk ok ok skok ook sk skokosk ksk ok skok sk sk sk ok ok
>

;¥ LCD Clear Display K

« 3k 3k ok ok ok 3k 3k ok 3k ok skok ok ook ok kok sk sk skosk sk skk ok skk sk sk R ok ok
°

LCD CLR: CLR LCD RS ; Clear LCD_RS Pin
MOV P0,#00000001B ; Display Clear
ACALL LCD_CLK ; Pulse LCD Clock
RET

< 3k 3k 3k ok 3k ok koK ok ook ok skokoskok sk sk ok kok ok kR skokk ok sk ok ok
2

;¥ LCD Return Home ®

= 3k ok ok ook kok ok kokok kR skok kok kok kok kokk kR ok ok k ok
2

LCD_HOME: CLR LCD_RS ; Clear LCD_RS Pin
MOV P0,#00000010B ; Return Home
ACALL LCD_CLK ; Pulse LCD Clock
RET

P T

;¥ LCD Display Off *

SRR AR KR KRRk KK

LCD_OFF: CLR LCD_RS ; Clear LCD_RS Pin
MOV P0,#00001000B ; Display Off



ACALL

= 3% 3k ks sk ok ok ok Kok okoskok koo skokok skeokokok ok sk okok ok ok
b

;*  LCDClk *
.
LCD_CLK: SETB

ACALL

CLR

ACALL

RET

= % ok ok ok sk ok kR ok ok oskokokok skok skok kok ok koK ok ksksk ks ok ok
E]

;*  LCD Display On K
R P ey
LCD_ON: CLR
MOV
ACALL
RET
SRR ok K KRRk R kK
;¥ Sct LCD Address E
;¥ I/P:.LCD_ADDR *
JREER AR KRk R R R
SET_ADDR_LCD: CLR
MOV
SETB
MOV
ACALL
RET

LCD _CLK ; Pulse LCD Clock
LCD_EN ; Pulse Clock to LCD_EN
LCD_DELAY

LCD_EN

LCD DELAY

LCD_RS ; Clear LCD_RS Pin
P0,#00001100B ; Display On

LCD_CLK

LCD RS ; Clear LCD_RS Pin
A,LCD_ADDR ; Move LCD_ADDR to ACC.
ACC.7 ; Set bit ACC.7

PO,A ; Move to DATABUS
LCD_CLK ; Pulse LCD Clock



< Fokockkokskokskokokokokkkokokokkok ok kokkok kkskskk ko
s

;* Write Character to show LCD *

* 1/P: LCD DATA  *

+ 3% 3k 3k 3k 3k 3k 3k ok 3k Sk sk ok skok ok skok sk ok okskok skokok kokskok skok sk
)

WRCHAR_LCD: SETB LCD RS ; Set LCD_RS Pin
MOV PO,LCD_DATA ; Move LCD_DATA to DATABUS
ACALL LCD_CLK ; Pulse LCD Clock
ACALL LCD_ON ; Display On
RET

« % 3k 3k ok 3k 3k 3k ok 3k sk ok ok ok skok skokok sk ok sk kokok sk skok sk kR ok Sk ok sk ok
)

;* Write Line of 16 Character from ROM *
A 1/P; DPTR : Locate ROM Address *

sEREk ok okkokk kR kokkokkkok ok kok ok Rk kokok ok ksk ok ok sk k kg
s

WRLINE LCD: MOV RO,#0 ; Clear loop counter
WRLINE LCD 1: SETB LCD RS ; Set LCD_RS Pin
CLR A ; Clear ACC.
MOVC A, @A+DPTR ; Move data from @DPTR to ACC.
MOV PO,A ; Move ACC. to DATABUS
ACALL LCD CLK ; Pulse LCD Clock
INC DPTR ; Increase Pointer
INC RO ; Increase loop counter
CINE RO,#16,WRLINE LCD 1 ; Do until 16 times

ACALL
RET

LCD_ON ; Display On



= % 3k kck ok ok ok skokokkokkok ok ok ok ko ook sk ekokkok ok ok ok ok sk ok skok kool skokoskokokok sk
s

;* Dummy Delay time [2C_DELAY, LCD_DELAY, 10ms, 100m, 1s *

= %k sk ook ook ok ok ke skok skokok Rokok sk kR ok sk skekokokok sk skekokokokok sk okokokokskok kol ok oskokskokokskokokok sk sk ok
H]

LCD DELAY:
LCD DELAY 1I:
LCD DELAY 2:

DELAY 10ms:
DELAY_10ms_1I:

DELAY 10ms_2:

DELAY 100ms:
DELAY 100ms_1:
DELAY 100ms_2:

DELAY Is:

DELAY Is_I:

MOV
MOV
NOP
NOP
DJNZ
DINZ
RET
MOV
MOV
NOP
NOP
DINZ
DINZ
RET
MOV
MOV
NOP
NOP
DINZ
DINZ
RET
MOV
ACALL
DINZ

RET

R7.#002 ; Do 2 times
R6,#0E6H ; Each loop =1 ms

R6,LCD_DELAY 2
R7,LCD _DELAY 1

R7#010 ; Do 10 times

R6,#0E6H ; Each loop = 1 ms

R6,DELAY_10ms_2
R7,DELAY_10ms_1

R7.#100 ; Do 100 times
R6,#0E6H ; Each loop =1 ms

R6,DELAY 100ms 2

R7,DELAY_100ms_1

R5#100 ; Do 100 times
DELAY 10ms
R5,DELAY 1Is 1



sFEkckdokkokokokokkokok koo ook ok Rk ok ok ok ok bk ok kool kR ook ok ko kok kokok
s

;* Define Constant < Store in Flash EEPROM Program Memory > *

=Rk ok ok okoksokokokokokok skokok ok R sk sk kol soloR ok ok kR ok ok kokok ok okok kR kokokok kR ok sk ok ok kR
s

: 0123456789ABCDEF
SCR_ADOI: DB 'Speed:  m/s '
TITLE 1: DB 'Doppler Radar'
TITLE 2: DB '‘And Application'
TITLE 4: DB ' SPEED DETECTOR '
TITLE 5: DB 'Speed: . Km/Hr'

TITLE 6: DB ".HOLD MAXIMUM..'
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