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ABSTRACT

Advantage of this device creat measure squirrel cage quality. This method can measure
before assemble it with axle. Principal of this device is measure quality of squirrel cage rotor to
display at display area. When rotor cross of magnetic filed. The induce voltage of it can measure

for display number, characteristic of slot.
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- Baud Rate io SasnamiSalumsdessdeyavesnesn Tusianeimezsaslu
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W lilednann onrmmEInsdediedoya 1 5a 12 lWiihfusas 1 Bad Sndely W
ATWUINTFIU V 22bis ﬁyué"ﬁﬂ 1 baud 9z 4 Ta ﬁufuwaé’wﬁﬁmmﬁa 9,000 baud 9
whiudasauda lumsdeddoyn 38,400 Saseiunft fiuduy

- Bit Per Second fie Shvnuiialunisdeiwsnnudaveamesn luilagiuwesm
w2l “ﬁs"nmmL%‘a‘lun1idadw§1muﬁﬁmmgmaéﬁ 9,600 BPS

- Through Put ﬁ"lm'wumﬁﬁﬁmmmﬁ'qvhuwaé'wiﬁ'ﬂ?eqmﬂiuaimm1 1 i
Tumalgifuddmesnogianudteudoslaiay oasImsdeiudeyamunitanesnly
wAnFIAE nm'lnmmumaaan"lﬁ'waqnuﬂmmﬂ 19 IUMSAady s UnIUNse
au lindenves Teadlaomadiugu o muuamwmmﬁmumayamwzmﬂ:nmmmmm

Tumsdeindeyaveswesnily

d

5.2 W INBUNTU (Serial Port)
d' v A k' d'i 1 Y 1
wesnnluagidimslgauauuiasgunisfouds iy RS232  Susga
] o n’ll 1 a & v ] 3 2 ﬂ
UWINREANUUYBNNIIT0AZIDIARNISHIASTIUMI WO uaBIUY RS-232 ity dasiy
o A ~ ) _ L]
nasgugnimualay BIA duihuesdnsgasmnssudidnnsefinduesewsn Tasutens
Woulu 2 ANYNL A9 DTE (Data Terminal Equipment) itag DCE (Data Communication
; & a 3 o v v 5 a
Equipment) #1at1nd DTE szAoedoid iy DCE aue 191 msdomiosnouiames
(@nssi DTE) hfumesy (gunsel DCE) Wudu
» v v
wesneynsy RS-232 ezifluneinvouniosneuiaaeifiuide (Comector) He
v y
Uszinn 9 uag 25 91 uazisuFent1 wedn CoM 1 uaz CoM 2 Wuealuarusiuesasuly
[ b4

daumnesnoynsnlildgnatugu Tneaseein cPU vummveda udmsﬁemsmﬁnm“gﬂ
a3 Iau¥1 UART (Universal Asynchronous Receivers/Transmitter) §nfivita mi‘]wumﬂas
Aldsunniigafewes 165500 FudunessuitIdsunsufludoRanmaudasedy UART &

%mmumiumﬁmmzffway,aﬂa"lﬂu



27

m3dadeya (Data Transmission)

L. Sudidnusnninsesnouiunes
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- Ring Indicator (RI)
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Scrystal = 11059200
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Dim A As Byte
Alias P1
Do
A=PI
Print A
Loop
End
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Option Explicit

Dim A As String

Dim A1 As Double

Dim B As Double

Dim entry() As String

Dim pos As Integer

Dim M1 As Integer

Dim M2 As Integer

Dim M3 As Integer

Dim M4 As Integer

Dim err As Long

Dim meanval As Variant

Dim maxval As Variant

Dim minval As Variant

Dim stddevval As Variant

Dim maxindex As Variant

Dim minindex As Variant

Dim data(0 To 30) As Double

Dim vData As Variant

Dim vDatal As Variant

Dim vFilteredData As Variant

Dim phasc As Variant

Dim i As Integer
Dim y(1000) As Double
Dim y2 As Variant
Dim y3(30 * 10) As Variant
Dim vVal As Variant

Private Sub CWGraphl DbiClick()
CWGraph1.Axes(1).Minimum = 0
CWGraphl.Axes(2).Maximum = 5

End:Sub
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Private Sub CWGraphl_MouseDown(Button As Integer, Shift As Integer, x As Single, y As
Single)
CWGraphl.TrackMode = cwGTrackZoomRectXY
" txtDescription.Text = "Select a region on the graph to zoom both horizontally and

vertically. Zooming doesn't generate any events. Press the Reset button to reset the view."

CWGraph1.Plots.RemoveAll

CWGraphl.Cursors.RemoveAll

PlotData
End Sub

Private Sub Form Load()
Al=0
B=1

MSComm]1.CommPort = 1
MSComm1.Settings = "19200,n,8,1"
MSCommI.PortOpen = True

End Sub

Private Sub Quit Click()
End
End Sub

Private Sub Text6_Change()

Text7.Text = Text6.Text / 51

'Text8.Text = Val(Text6.Text / 51 & " Volt")
End Sub



Private Sub Timerl_Timer()
'On Error Resume Next
MSComm1.DTREnable = False
MSComm1.DTREnable = True
A =MSComm1.Input
Textl.Text= A

'UpdateFregencyResponse
entry = Split(Text1.Text, vbCrLf, , vbTextCompare)
pos =0

Do While pos < UBound(entry)
Ifpos =1 Then
Text2.Text = entry(pos)
M1 = Text2.Text
End If
If pos = 2 Then
Text3.Text = entry(pos)
M2 = Text3.Text
End If
If pos =3 Then
Text4.Text = entry(pos)
M3 = Text4. Text
End If
If pos = 4 Then
Text5.Text = entry(pos)
M4 = Text5.Text
- End If
pos =pos + 1
Loop
Text6.Text =(M1 +M2+ M3 +M4) /4
If A1 <1001 .Then
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Txtl.Text = Al
'Data(Al) = Text6.Text / 51
y(Al) = Text6.Text / 51
CWGraphl.YDataAppend = Text6.Text / 51
Al=Al+1
Else
Al=0
Graph.Plots(1).PlotY y, 0, 1
Graph.Plots(3).PlotY vDatal, 0, 1
CWStat1.StdDev y, meanval, stddevval
WArrayl.MaxMinlD y, maxval, maxindex, minval, minindex
MeanNum = meanval
StdNum = stddevval
MaxNum = maxval
MaxIndexNum = maxindex
MinNum = minval
MinIndexNum = minindex
phase=0
Const kdFregLowCutoff = 24" 24 Hz cutoff on the lowpass filter
Const kdFreqHighCutoff = 150’ 150 Hz cutoff on the hipass filter
Const kdSineWaveAmp = 5 ' amplitude of the sine wave
Const kdSineWaveFreq = 30 ' frequency of sine wave
Const kFilterOrder = 5 * order of the filter
Const kcPts = 1024 ' sample 1000 points
' generate the sine wave
vData = CWDSP1.SineWave(kcPts, Text7.Text, kdSineWaveFreq / kcPts, phase)
vDatal = CWDSP1.Pulse(100000, 3, 1, 14)
'vData = CWArrayl.AddArray(y, vData)
vData = CWArrayl.AddArray(vData, y)
' put the resulting waveform (noise + sine) through a low-pass filter
vFilteredData = CWDSP1.BwLPF(vData, kcPts, kdFreqLowCutoff, kFilterOrder)
CWGraphl.PlotY vData
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Graph.Plots(2).PlotY vData, 0, 0.03
CWGraph2.PlotY vFilteredData
End If |
End Sub

Private Sub PlotData()
CWGraphl.PlotY vData
End Sub
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80C31BH/80C51BH/87C51

MCS® 51
CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLER
Automotive

8 Extended Automotive Temperature B Programmable Serial Port

Range (—40°C to +125°C Ambient) B TTL- and CMOS-Compatible Logic
E High Performance CHMOS Process Levels
@ Power Control Modes B 54K External Program WMemory Space
® 4 Kbyte On-Chip ROM/EPROM B 54K External Data Memory Space
B 128 x 8-bit RAM B IDLE and POWER DOWN hiodes
B 32 Programmable i/0 Lines ® ONCE Mode Facilitates System Testing
B Two 16-Bit Timer/Counters B Available in 12 MHz and 16 MHz
B 5 Interrupt Sources Versions
® Quick-Pulse EPROM Programming @ Avallable in PLCC and DIP Packages

{See Packaging Specification, Order #231369)

B 2-Level Program Memory Lock EPROM
B Boolean Processor

Like the MCS 51 HMOS microcos troller versions, the MCS 51 CHMOS microcontroller products have the
foliowing features: 4 Kbytes of EPRCM/ROM (87C51/80C51BH respectively); 120 bytes of RAM; 32 1/0 lines;
two 16-bit timer/counters; a five-source two-level interrupt structure; a full duplex serial port; and on-chip
oscillator and clock circuitry. In addition, the MCS 51 CHMOS micronontrolier products exhibit low operating
power, along with two software seiectable modes of reduced activity for further power reduction—Iidle and
Power Down.

The Idle mode freezes the CPU while allowing the RAM, timer/counters, serial port, and interrupt system to
continue functioning. The Power Down moda saves the RAM contents but freczes the oscillator, causing all
other chip functions to be inoperative.

The 87C51 is the EPROM version of the 80C51BH. It contains 4 Kbytes of on-chip program memory that can
be electrically programmed, and can be erased by exposure to ultraviolet light. The 87C51 EPRCM array uses
a modified Quick-Pulse Programming algorithm, by which the entire 4 Kbyte array can be programmed in about
12 seconds.

NOTICE:
This datashest contains information on products in full production. Specifications wiuin this datashest
are subject to change without notice. Verify with your local Intel sales office that you have the latest
datasheet befors finalizing a design.
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y sale and use niel 1S o as n 's Tenms a e tor products. In '

c'langesbmesaspedﬁczliomarany time, without notice. Microcomputer Products may have minor variations to this specification known as errata.
COPYRIGHT © INTEL CORPORATION, 1835 January 1995 Order Humber: 270419-007
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Figure 1. MCS® 51 Microcontroller Architectural Block Diagram
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80C31BH/80C51BH/87C51
PRODUCT OPTIONS

Intel’s extended and automotive temperature range
preducts are designed to meet the necds of those
applications whose operating requirements exceed
commercial standards.

With the extended temperature range option, opera-
tional characteristics are guaranteed over the tem-
perature range of —40°C to +85°C ambient. For the

AUTOMOTIVE 80C31BH/80C51BH/87C51

automotive temperature range option, operational
characteristics are guaranteed over the temperature
range of —40°C to + 125°C ambient.

The automotive and extendad temperature versions
of the MCS 51 microcontroller product families are
availabie with or without burn-in opiions as lisied in
Table 1.

As shown in Figure 2, temperature, bum-in, and
Ppackage options are identified by a one- or two-letter
prefix to the part number.

A N 80 CS1BH
4

*

program memory.

PROGRAM MEMORY OPTION:
31=ROMLESS
51=ROM
PROGRAM MEMORY OPTION:
0=ROM/ROMLESS
7= EPROM
——————————— PACKAUE 1 TPt OPTION:
P=PLASTIC DiP, 40 PIN
N=PLASTIC, LEADED CHIP CARRIER (PLCC), 44 PIN

TEMPERATURE OPTION:
SEE TABLE 1

ANBOC51 indicates an automotive temperature range version of the 80C51 in a PLCC package with 4 Kbyte ROM

270418-2

Figure 2. MCS® 51 Microcontroiier Product Family Nomenclature
Table 1. Temperature Options

Temperature Temperature Tg;esg:;‘ugre Burn-In
Classification Designation °C Ambient Options
Extended T —40tc +85 Standard
I3 —40to +85 Extended
Automotive A —40to+125 Standard
B —40to+ 125 Extended
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Diagrams are for pin reference only. Package sizes are not to scale.
roch ©Pve A
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Figure 3. Pin Connactions

PIN DESCRIPTION

Vee: Supply voltage during normal, Idle, and Power
Down operations.

Vss: Circuit ground.

Vsst: Vsgi—(EPROM  PLCC only) secondary
ground. Provided to reduce ground bounce and im-
prove power supply bypassing.

NOTE:
This pin is not a substitute for the Vss pin (pin 22),
For ROM and RCMisss, pin 1 i reserved—do not
connect.

Port 0: Port 0 is an 8-bit open drain bidirectional 370
pert. As an output pert cach pin can snk 8 LSTTL
inputs. Port 0 pins that have 1s written to them float,
and in that state can be used as high-impedanca
inputs.

Port Ois aiso the muitipiexed iuw-order address and
data bus during accesses to externg memory. In this
application it uses strong internal pullups when emit-
fing 1s.

Port 0 also receives the code bytes during EPROM
programming, and outputs the code bytes during
program verification. External pullups are required
during program verification.

Port 1: Port 1 is an 8-bit bidirectional 170 port with
internal pullups. Port 1 pins that have 1s wiitien to
them are pulled high by tha interng| nullups, and in
that state can be used as inputs. As inputs, Port 1
pins that are externally being pulled low will sourcs

4

current (I, on the datashest) because of the inter-
nal pullups.

Port 1 also receives the low-order address byies
during EPROM programming and program verifica-
tion.

Port 2: Port 2 is an 8-bit bidirectional 1/0 port with
internal pullups. Port 2 pins that have 1s written to
them are pulied high by the internal pullups, and in
that state can be used as inputs. As inputs, Port 2
pins that are externally being pulled low will source
cumrent {I;, on the data shect) because of the inter-
nal pullups.

Port 2 emits the high-order address byte during
fetches from external Program WMoY aia duning
accesses to external Data Memory that use 16-bit
address (MOVX @DPTRY). In this application it uses
strong intemal putlups whan emitting 1s.

During accesses to externat Data Memory that use
8-bit addresses (MOVX @RY), Port 2 emits the con-
tents of the P2 Special Function Register.

Port 2 also recsives some control signals and the
high-order address bits during EPROM programming
and program verification.

Port 3: Port 3 is an 8-bit bidirsctional 1/0 port with
internal puliups. Port 3 pins that have 1s wiitten 1o
them are pulled high by the internal pullups, and in
that state can be used as inputs. As inputs, Port 3
Ppins that are extemally being pulled low will sourca
current (I, on the datasheet) because of the pull-

ups.
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Port 3 also serves the functions of various special

features cf the MCS 51 microcontrolier family, as
listed below:

Pin | Name Alternate Function

P3.0 { RXD ! Serial Input Line

P3.1 [ TXD | Serial Output Line

P3.2 | INTO | External Interrupt 0

P33 | INTT | External Intarrupt 4

P34 TO ‘| Timer0 External Input

P35 T1 | Timer1 External Input

P36 | WH | External Data Memory Write Strobe
P3.7 | RD | External Data Memory Read Strohs

Port 3 also receives some control signals for
EPROM programming and program verification.

RESET: Reset input. A logic high on this pin for two
machine cycles while the osgillator is running resets
the device. An internal pulldown resistor permits a
power-on reset to be generated using only an exter-
nal capacitor to Vcg.

ALE/PROG (EPROM Only): Address Latch Enable
ouipui signai for laitting ihe low byie of the agdress
during accesses to external memory. This pinis also
the program pulse input (FROG) during EPROM pro-
gramming.

In normal operation ALE is emitted at 3 constant
rate of 1/€ the csdlillater frequency, and may be
used for external timing or clocking purposes. Nots,
however, that one ALE pulse is skipped during each
access to external Data Memory.

PSEN: Program Store Enable is the Read strobe
to External Program Memory. When tha
87C51/80C51BH is exceuting from Internal Program
Memory, PSEN is inactive (high). When the device is
- executing coda from External Program Memary,

is activated twice each machine cycle, except
that two PSEN activations are skipped during each
access to External Data Mamory.

EA/Vpp: External Access enable. EA must be
strapped to Vgg in order to enable  the
87C51/80C51BH to fetch code from External Pro-
gram Memory locations starting at 0Q00H up to
OFFFFH. [Note, however, that if either of the 1 ock
Bits is programmed, the logic level at EA is internally
latched during reset.] (EPROM only.)

EA must be strapped to Vg for internal program
execution.

Vpp (EPROM Only): This pin also receives the
12.75V programming supply voltage {(Vpp) duning
EPROM programming.

AUTOMOTIVE 80C31BH/80C51BH/87C51
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Figure 4. Using the On-Chip Oscillator

NC —— XTALZ

EXTERNAL
OSCILLATOR e~eemee] XTAL 1
SIGNAL

Vss

b

l”——l

270419-6
Figure 5, External Clock Drive

XTAL1: input to the inverting oscillator amplifier and
input fo the internal clock generating circuits.

XTAL2: Output from ihe inveriing oscillator amplifi-
er.

OSCILLATOR CHARACTERISTICS

XTAL1 and XTAL2 are the input and output, respec-
tively, of an inverting ampliifier which can be config-
ured for use as an on-chip oscillator, as shown in
Figure 4.

To drive the device from an external clock source,
XTAL1 should be driven, while XTAL2 is left uncon-
necied, as shown in Figure 5. There are no require-
ments on the duty cycle of the external clock signal,
since the input to the internal clocking circuitry is
through a divids-by-two fip-flop, but minimum and
maximum high and low times specified on the Data-
sheet must be observed.

IDLE MODE

In Idle Made, the CPU puts itself to sleep while all
the on chip peripherals remain active. The mode is
invoked by software. The content of the on-chip
RAM and all the Special Functions Registers remain
unchanged during this mode. The Idls Mode can he
terminated by any enabled interrupt or by a hard-
ware reset.

It should be noted that when Idle is terminated by a
hardware reset, the device normally resumes pro-
gram execttion, from where it left off, up to two ma-
chine cycles before the internal reset algorithm
takes control. On-chip hardware inhibits access 10
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Table 2. Status of the External Pins During Idie and Power Down

Mode ;’gg{,’r’;‘ ALE | PSEN | PORTO | PORT1 | PORT2 | PORT3
Idle Internal 1 1 Data Data Data Data
Idle External L Float Data Address Data
| PowerDown | Internal il Data Data Data Data
Power Down External 0 Float Data Data Data
NOTE:

For mor detailed information on tha reduced
tion Note AP-252, “Designing with the 80C51BH.»

internal RAM in this event, but access to the port
pins is not inhibited. To eliminats the possibility of an
Unexpected write to a port pin when Idle is terminat-
ed by reset, the instruction following the one that
invokes ldlc should not be one that writes to a port
pin or to external memory.

POWER DOWN MODE

In the Power Down mode the oscillator is stopped,
and the instruction that invokes Power Down is the
last instruction executed. The on-chip RAM and
Special Function Registers retain their values until
the Power Down mode is terminated.

The only exit from Power Down is a hardware reset.
Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated he.
fore Vg is restored to its normal operating level and
must be held active long enough to allow the oscilla-
tor to restart and stabhilize.

power mores refer to current Frbedded Applications Handbook, and Applica-

DESIGN CONSIDERATIONS
© At power on, the voltage on Ve and RST must

Come up at the same time for a proper startun,

© Before entering the Powsr Down mods the con-

tents of the Carry Bit and B.7 must be equal.

® When the Idle mode is terminated by a hardware

*

reset, the device normally resumes program oxe-
cution, from where it left off, up to two machine
cycles before the internal resst algorithm takes
control. On-chip hardware inkibits access 1o intor-
nal RAM in this event, but access to the port pins
in not inhibited. To eliminate the possibility of an
unexpacted writs when Idie is terminatad by re-
set, the instruction following the one that invokes
ldle should not be one that writes to a port pin or
0 external mamaory.

An external oscillator may encounter as much as
2 100 pF load at XTAL1 when it starts up. This is
due to interaction betwsen the amplifier and iis
feedback capacitance. Once the extarnal signal
meets the Vj and V) specifications the capaci-
tance will not excesd 20 pF.

For EPROM versions exposure o light when the
device is in operation may cause logic errors. For
this reason, it is suggested that an opaque label
be placed over the window when the die is ex-
posed to ambient light. -
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PROGRAM MEMORY LOCK
(EPROM Only)

The 87C51 contains two program memory lock
schemes: Encrypted Verify and Lock Bits.

Encrypted Verity: The 87C51 implements a 32-
byts EPROM aivay that can be prograrmmed by the
customer, and which can then be used to encrypt
the program code bytes during EPROM verification.
The EPROM verification precedure is performed as
usual, except that each code byts comes out logical-
ly X-NORed with one of the 32 key bytes. The key
bytes are gene through in sequence. Therofore, to
read the ROM code, one has to know the 32 key
bytes in their proper sequence.

Lock Bits: Also on the chip are two Lock Bits which
can be left unprogrammed (U) or can be pro-
grammed (P) to obtain the following additicnal fea-
tures:

Bit1 | Bit2 Additional Features

u U none

P U |e Externally fetched code can not
access intemal Program Memory.
® Further programming disabled,

U P {Bescrved for Futss definition.)

P P |s Externally fetched code can not

access internal Program Memory,
® Further programming disabled,

® Program verification is disabled.

AUTOMOTIVE 80C31BH/86C51BH/87C51

When Lock Bit 1 is programmed, the logic level at

pin is sampled and latched during resct. if
the device is powered up without a reset, the latch
initializes to a random value, and holds that value
until reset is activated. It ie necessary that the
latched value of EA be in agreement with the current
logic level at that pin in order for the device to func-
tion properly.

ONCE MODE

The ONCE {“on-circuit omulation”) modo facilitates

testing and debugging of systems using the 87C51

without the 87C51 having to be removed from the

circuit. The ONCE mode is invoked hy:

1. Pull ALE low while the device is in reset and
is high;

2. Hold ALE low as RST is deactivated.

While the device is in ONCE mode, the Port 0 pins
go into a Hoat state, and the other port pins and ALE
and PSEN are waakly pulled high. The osgillator cir-
cuit remains active. While the 87C51 is in this mode,
an emulator or test CPU can be used to drive the
circuit. Normal operation is restorad when a normal
resst is applied.
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ABSOLUTE MAXIMUM RATINGS* NOTICE: This is a production data sheet. The specifi-

Ambient Tempereture Und Bias —40°C t0 + 125°C calions are subject to change without notice.
mbi perature or —40°C ta 5°C
& I *WARNING: Stressing the device beyond the “‘Absolute
Storage Tempersature ... —65°C to + 150°C Maximum Ratings” may cause pormanont damaga.
Voltage on EA/Vpp Pinto Vg . ... . .. 0V to +13.0v 72658 are stress ratings only. Operation dgzyond the
. o “Operating Gonditions” is not recormenn and ex-
Voltage on Arly Cther Pin to Vss ..—0.5Vio +6.5v tended exposure beyond the “Operating Condltions”
loLperi/Opin ....................... 15mA may affect device reliability,
Power issipation. ............... ... . 1.5W
{Based on package heat transfar limitations, not de-
vice power consumption).

Typical Junction Temperature T +135°C
(Based upon ambient temperature at + 1 25°C) |
Typical Thermal Resistaice Junciion-to-Ambient

B.4p):
PRI 75°C/W
T R o 46°C/W

DC CHARACTERISTICS:
(Ta = —40°Co +125°C; Voo = 5V +10% (5V. £20% EPROM Oniy); Vgg = 0V)

Symbol Parameter Min | Typ)| e ;- @ 181y | Ut 00:;:'0 \
Vi Input Low Voltage (Except EA) -0.5 0.2 Vo —0.25 '
Vic_ | Input Low Voltageto BA s AamAGt - WA T o B e W
Viu__|Input High Votage (Except XTALY, RST) | 2veg + 1.0 | [R50 Y
Vi1 | Input High Voltage (XTAL1, RST) 0.7 Vo +0.1 Voo +0.5 v
VoL Output Low Voltage (Pors 1,2,3) 0.45(7) V oL = 1.6 mA@
Your | Quiput Low Vuliags (Foit 0, ALE, POEN) 8,45 V. {loL = 3.2 mA®@)
Vor | Output High Voltege 24 V o llop = —80pA
(Ports 1,2, 3, ALE, PSEN) 09 Vg V o= —10pA
Vo1 | Output High Voltage (Port 0 in 24 vV [lon = —800 A
B 5 0 e d | ) i Veo v |ion = —80 uA®)
I Logical O Input Current (Ports 1,2,3) ~75 2 | Vg = 0BV
L Logical 1-tc-0 transition current —750 pA ()
{Foris 1,2, 3)
'L ‘nput Leakage Cument (Port 0) +10 A Vi~ ViporVig
lcc Power Supply Current:
Active Mode @ 12 MHz (5) 1.5 25/20 mA
Idie Mode @ i2 MHz &} i3 8/5 mA )
Power Down Mode 3 100/75 RA | Veo = 22Vio 55v
HBST | Intemal Reset Pulldown Resistor . | | “RILNA 2 Ml ——
[c10 | Pin Capacitance 10 pF

NOTES:

1. “Typicals” are based on a limited number of samplas taken from early manufacturing lots and are nat guaranteed. The
values listed are at room temp, 5V.

2. Capacitive loading on Ports 0 and 2 may cause spurious noise pisses to be Superimposed on the Vo s of ALE and Ports
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1-
10-0 transitions during bus operations. In the worst cases (capacitive loading > 100pF), the noise pulse on the ALE pin may
exceed 0.8V In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt
Trigger STROBE input.

3. Capacitive Ioading on Ports 0 and 2 may -cause the Voy on ALF and PSEN to momentarily fall below the 0.9 Vg
specification when the address bits are stabilizing.

8
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NOTES: (Continued)

4. Pins of Ports 1, 2 and 3 source a transition currant whan they
Vinis approximately 2V.

current reaches its maximum value when
5. ICCMAX at other freguencies is given by:
Active Mode: 87C51

ICCMAX = 0.94 X FREQ + 13.71

80Cx1BH ICCMAX = 1.47 X FREQ + 2.36

ldle Mode:  ICCMAX = 0.14 X FREQ + 3.81
where FREQ is the external oscillator

AUTOMOTIVE 80C31BH/80C51BH/87C51

ara being axtemally driven from 1 to 0. The transition

frequency in MHz. ICCMAX is given in mA. See Figure 6.

6. See Figuss 7 through 10 for Icg test conditions. Minimum Veg for Power Down is 2.0V,

7. Under steady state (non-transient)
Maximum I per port pin:
Maximum I per 8-bit port

Port 0:
Pots 1,2, and 3
Maximum total Ig,_ for all output pins:

It loL exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

10 mA

26 mA
15 mA
71 mA

40 &
‘!’5 S PEE).
30
..o M04O
it a70oh WS — Tl
E 2 =T .‘c‘“
8 o £ o
- 15 e gl v
10 1 dle Moda‘lypiul
/, Tite W i \
. AN P4 AR
0 i
0 4 ) 12 18
Frequency (MHz)
270419-7
Figure 6. Icc vs. FREQ. Valid only
within frequency specifications of the
device under test.

conditions, lo,. must be externally limited as follows:
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Figure 7. I Test Condition, Active Mode.
Ali other pins are disconnected.

270419-8

Figure 8. icc Test Condition, Idle Mode.
Al other pins are disconnected.
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Figure 9. g Test Condition, Power Down
Mode. All other pins are disconnected.
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Figure 10, Clock Sianal Waveform for lgg tests in Active and Idie Modes.
Teren = TeHeL = 5ns.
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EXPLANATION OF THE AC SYMBOLS E%OSQEENIGVQI LOW, or ALE.

Each timing symbol has 5 characters. The first char- Q:Output data.
acter is always a ‘T’ (stands for time). The other  R:BD signal.
chasacters, depending on their positions, stand for T:Time.
the name of a signal or the logical status of that V:Valid.
signal. The following is a list of all the charactersand ~ W-WR signal.
what they stand for. X:Nc longer a valid logic level.
Z:Float.
A:Address.
C:Clock. For example,
D:input data.

H:Logic tevel HIGH.
tnstruction (program memgery contents).

TaviL = Time from Address Vaiid to ALE Low.
Titpt = Time from ALE Low to PSEN Low.

AC CHARACTERISTICS: (TaA = —40°Cto +125°C; Voo = 5V £10%

(5V_+20% EPROM Only);

Vgs = OV; Load Capadcitance for Port 0, ALE, and PSEN = 100 PF; Load Capaciiance for Ail Other

Outputs = 80 pF)

EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS
bl 4 A | 12 MHz 0sc Varlable Oscillator iy

Min Max Min Max
1/TercL | Oscillator Frequency MHz
87C51/80C518H/800318H 35 12-18

Timys ALE Pulse Width 127 2T oL —40 ns
TAvVLL Address Valid to ALE Low 28 ToLoL—55 ns
TLiAx Address Hold After ALE Low 48 TelcL—35 ns
Tiuv ALE Low to Valid Instr In 224 4TolcL— 110 ns
TupL ALE Low to PSEN Low 43 ToLor —40 ns
TpLpH PSEN Pulse Width 205 3TeicL —45 ns
Teuy PSEN Low to Valid Insirin 135 3ToLoL—115 ns
Thxix Input Instr Hold After PSEN 0 0 ns
Tpxiz Input Instr Float After PSEN 59 Toicr—25 ns
Taviv Address Validto Valid Instr In 312 5Tcic —105 | ns

 TpLaz FSEN Low to Address Fioat 10 _ 10 ns
TRLRH RD Pulse Width 400 6TcicL —100 ns
TWLWH WR Pulse Width 400 6TcLoL —100 ns
TRLDV RD Low to Valid Data in 252 5ToroL—165 ns
TRHDX Data Hoid After AD High 0 0 ns
TRHDZ Data Float After B0 High 7 2TcicL— 70 ns
Tiipv ALE Low to Valid Data In 517 8ToLoL —150 ns
TAVDV Address Valid to Valid Data In 585 9Tcicr.— 165 ns
Tuwe ALE Low to EI? or WR Low 200 300 | 3Tgig —50 3TgioL +50 ns
TAavwL Address Valid to RD or WR Low 203 4Tcr oL —130 ns
Tovwx | Data Valid to WR Transition 23 ToLcL —60 ns
Twhox | DataHold Atter WR High 33 ToLoL —50 ns
TRLAZ D Low to Address Float 0 0 ns
Twhiin | RD or WR High to ALE High 43 123 ToicL — 40 TcicL +40 ns

10
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EXTERNAL PROGRAM MEMORY READ CYCLE

F Topy —=—
ALE

TieeL t
TAVLL =Ty |y ==

A7 e e D

Toipu

S 4 Trpv { 'T TR
PXIZ
Tuiax Az Tpyy > e
PORT 0 X AD-A7 INSTR iR A 20-47 el

[ Taviv ———>

PORT 2

AB-A15 i T

2/0419-12

EXTERNAL DATA MEMORY READ CYCLE

M/ \ / \ /
TwhLn
FoE _/ Twov | b
[ Thiwe

|
TRLRH
kD > Ty e \ /
= Twax =4 Traz o— Tapy —] - TrHoz
RHDX
PORT O :)—1 Frow B o DPL DATA IN }(A0-p7 FROM PCL JeeedINSTR. IN
s
Dy >
PORT 2 ) P2,0-P2,7 OR AB~A15 FROM DPH X " AB=a¥s FroM PoH

270419-13

EXTERNAL DATA MEMORY WRITE CYCLE

ALE / \
=i

e Ty

Twiwn
el > T - "vax\ ; j
= Tiiax == Twiox
PORT 0 3-4 FroM'S) 0 DFL DATA OUT XAO-A7 FROM PCL INSTR. IN
T Ty
PORT 2 P2.0-P2.7 OR A8~A15 FROM DPH X " A8-A15 frow poH

270419-14
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AUTOMOTIVE 80C31BH/80C51BH/87C51

EXTERNAL CLOCK DRIVE

Symbol Parameter Min | Max | Units
1/Terey | Osciliator Frequency | 35 | 12 MHz
351 16

TcHex | High Time 20 ns < a!
Torox Low Time 20 ns 270418-17
ToicH | Rise Time 20 | ns

Teuct | Fall Time 20 | ns
SERIAL PORT TIMING—SHIFT REGISTER MODE

12 MHz Varlable
Symbaol Parameter Oscillator Oscillator Units
Min | Max Min Max

Txtxt | Seris! Port Clock Cycle Time 1.0 12ToroL pns
Tavxy | Output Data Setup to Clock Rising Fdge 700 10T o1 — 133 ns
TxHax | Output Data Hold After Clack Rising Edge [ 50 2Toior— 117 ns
TxHpx | Input Data Hold After Clock Rising Edge 0 0 ns
TxHov | Clock Rising Edge to Input Data Valid 700 10Tcic —133| ns

SHIFT REGISTER MODE TIMING WAVEFORMS

INSTRUCTION

lnl'l’l-‘l‘!ﬂl!l_7l!l
L S 3 g O O 0 O S R R T I
cuor =y' A s e A e B e -y
b DO N WO T17p =1 N0 i G V) (D (= i §

B o : r" Txax
J ni k-‘} f“ Txnox

WRITE 70 SBUF | 5“‘ 3
INPUT DATA m- vaunX | MyaoX Yo a1 @-@-@
ﬁ-—_’

CLEAR RI SET‘ Ri
270419-15
AC TESTING INPUT, OUTPUT WAVEFORMS FLOAT WAVEFORMS
- CAR ¥, 0.1
Vom0 0.2V +0.9 v[;’zm‘ . <5 TIMING REFERENCE __» oH e
ey / 02 Vec0d VioAn=01V FoRS T Vo0, v

270419-18

AC inputs during lesting are driven at Vee — 0.5 for a Logic “1”
and 0.45V for a Logic “0.” Timing measuremants are mads at Vi
min for a Logic “1" and Vy_max for a Logic “0"".

270419-18
For timing purposes a port pin is no tongar fioating when a 100
mV change from load voltage occurs, and begins to float when a
100 mV change from the loaded Vou/Ver level occura, o Sy
2 +20 mA.
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intal.
EPROM CHARACTERISTICS
(EPROM Oniy)

The 87C51 is programmed by a modified Quick-
Puise Programming algorithm. Ht differs from older
methods in the value used for Vpp (Programming
Supply Voltage) and in the width and number of the
ALE/PRCC pulses.

The 87C51 contains two signature bytes that can be
read and used by an EPROM programming system

AUTOMOTIVE 80C31BH/80C51BH/87C51

to identify the device. The signature bytes identify
the device as an 87C51 manufactured by Intel.

Table 3 shows the logic levels for reading the signa-
ture byte, and for programming the Progrem Mamo-
1y, the Encryption Table, and the Lock Bits. The cir-
Cuit configuration and wavetorms for Quick-Pulse
Programming are shown in Figures 11 and 12. Fig-
ure 13 shows the circuit configuration for normal
Program Memory verification.

Table 3. EPROM Programming Modes

== ALE/ EA/
OD P : A A .
MODE RST 'SEN PROG 7 P2.7 P2.6 P3.7 P3.6
Read Signaiuie 1 O 1 1 [V 0 0 0
Program Code Data 1 0 0? Vpp 1 0 1 1
Verify Code Data 1 0 1 1 0 0 1 1
Pgm Encryption Tabie 1 0 0* Vpp 1 0 1 0
Pgm Lock Bit 1 1 4} 0* Vpp 1 1 1 1
Pgm Lock Bit 2 1 0 0* Vpp 1 1 0 0
NOTES:
1 = Valid high for that pin
“0” = Valid low for that pin
Vpp = 1275V i 0.25¥
Vee = 5V +20% during programming and verification -l
*ALE/PROG receives 25 programming pulses while Vpp is held at 42.75V. kach programming puise is low for 100 ps
{£10 ps) and high for a minimum of 10 ps.
+5V
Vee
AO0=A7 > P1 PO K PGM_DATA
§ =4 RST TA/Vpp f———+12.75v
PROG 5 100 ps PULSES TO GND
; o ALE/PROG jd———— 2 us PU|
a7051” PSEN ==
I = L
(& P2.7 f¢——1
l—-r— XTAL 2 P2.6 {0
4-6 MHz D
s =l P2.0
>——1 XTAL 1 L AB=A11
Vss
= 270419-19

Figure 11. Programming Configuration

13



AUTOMOTIVE 80C31BH/80C51BH/87C51

intgl.

——
ALE/PROG:

]"—"———-—25 PULSES \’]
1

0y

100 us
10 us MlN—ul 21048
1

270419-20

Figure 12. PROG Waveforms

Quick-Pulse Programming
{EPROM Only)

The setup for Microcontrolier Quick-Pulse Program-
ming is shown in Figure 11. Note that the 87051 is
running with a 4 to 6 MHz oscillator. The reason the
oscillator needs to be running is that the device is
executing internal address and program data trans-
fers.

The address of the EPROM location to be pro-
giammed is applied 1o Ports 1 and 2, as shown in
Figure 11. The code byte to be programmed into
that location is applied to Port 0. RST - , and
pins of Ports 2 and 3 spedified in Table 3 are held at
the “Program Cods Data” levels indicated in Table
2. Then ALE/PROG is pulsed low 25 times as
shown in Figure 12.

To program the Encryption Table, repeat the 25-
pulse programming sequenca for addresses 0

through 1FH, using the “Pgm Encryption Table” lov-
els. Don't forget that after the Encryption Table is
programmed, verify cycles will produce only encrypt-
ed data.

To program the Lock Bits, repeat the 25-pulse pro-
gramming sequence using the “Pgm Lock Bit” loy-
els. After one Lock Bit is programmed, further pro-
gramming of the Code Memory and Encryption Ta-
ble is disabled. However, the other Lock Bit can still
be programmed.

Nots that the EA/Vpp pin must not be aflowed to go
above the maximum specified Vep level for any
amount of ime. Even a narrow glitch above that volt-
208 laval nan causa parma;ant damage to the de-
vice. The Vpp source should be well regulated and
free of glitches and overshoot,

+5Y

ek

AQ=A7 1]

1 =P RST
1 ————lp3.6

1 ———eppd P3.7

[—ﬁ- XTAL 2
4-sMhz|_| }-
T

XTAL 1
Vss

87C51

Vee x8

PGM
DATA

EA/Vpp f———1
ALE/PROG f—— 1
PSEN j¢———0
P27 {0  (ENABLE)

P2.5 tmee==0

P2.0 -
33K AB=an

270419-21

Figure 13. Program Verification
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ADCO0808/ADC0809

October 1802

8-Bit uP Compatible A/D Converters with 8-Channel

Multiplexer

General Description

The ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit aralog-to-digital con-
verter, 8-channel multiplexer and microprocessor compatible
control logic. The 8-bit A/D converter uses successive ap-
proximation as the conversion technique. The converter fea-
tures a high impedance chopper stabilized comparator, a
256R voliage divider with analog swilch tree and a succes-
sive approximation register. The 8-channel multiplexer can
directly access any of 8-single-ended analog signals.

The device eliminates the need for extemnal zero and
full-scale adjustments. Easy interfacing to MICTOprocessors
is provided by the fatched and decoded multiplexer address
inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0808, ADCO809 has been optimized

Features

8 Easy inferface to all microprocessors

2 Operates ratiometrically or with 5 Vi or analog span
adjusted voltage reference

8 No zero or full-scale adjust required

= 8-channel multiplexcr with address logic

B 0V to 5V input range with single 5V power supply

B Outputs meet TTL voltage level specifications

8 Standard hermetic or molded 28-pin DIP package

& 28-pin molded chip carrier package

= ADC0808 equivalent to MM74C949

B ADC0809 equivalent to MM74C949-1

Key Specifications

by incorporating the most desirable aspecls of several AID  ® Resolution 8 Bits
conversion techniques. The ADC0808, ADC080S offers high & Total Unadjusted Eror 14 1SB and £1 LSB
speed. high accuracy, minimal temperature dependence, ex- g Singls Supply B Vo
cellent long-term accuracy and repeatability, and consumes = Low Power 15 mW
minimal power. These features make this device ideally B Conversion Time 100 ps
suited to applications from process and machine control to
Consumer and aulomotive appiications. For 16-channel muk
tiplexer with common output (samplefhold  port) see
ADC0816 data shest. (See AN-247 for more information. )
Block Diagram
START ELOCK
"""" 3
' END OF
EOMTROL & TIMING T UNTERRWIT
]
-~
B CHANNELS
1 ANALOS meruTS j ""gg,éé(;;“ i ;'
i
: n:?s‘ Lo
$NTOUTRUTS
=3
g )
SeTTCH TRSE '
3-87 ADORI ‘{: }
AOORESS -
=i, A i
ur:n‘:'::::: °—] orcooen ws ]
il
S ey
Voo GA0 REF)
Lsvoos r2-1
See Ordaring
Information
TRI-STATE® is a registered frademark of National Semiconductor Carp,
© 1999 National Semiconductor Corporation  DS0C5672 Www.national.com
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ADCO0808/ADC0809

Connection Diagrams
Molded Chip Carrier Package
Dual-In-Line Package * ™ o
8883,
I D I )
Rt e md 25 24 23 22 23 20 43
4 —f2 27}-m Mo—{26 18§27
NS—{3 26 =m0 N2y 17}~2"%s8
We~—14 255400 A 228 165 Vagr (-)
W —{s 24f~A00 B N3y 15p=2"°
START=Js 234=am0 N4ty 14}
-7 23 2113 W43 136N
25 21f=2"1usp N6 {4 12J= Vegr (#)
OUTPUT ENABLE—]9 20}-272 S8 7 8 5 10 0
cLeck—{10 19§4—273 TEgY 5 8
Vee =11 18]—27¢ _E“"§§>
Veer ()12 17=7%s8 5
GHO =413 16— Veer (=) %
2714 154=2"6 500547212
v, Order Number ADCO80SCCYV or ADCososcCcV
Order Number ADCOS0BCCN or ADCOSOSCCN Seo NS PR V234
See NS Package J28A or N28A
Ordering Information
TEMPERATURE RANGE =-40°C to +85°C ~55°C to +125°C
Error | £% LSB Unadjusted | ADC0OSOSCCN ADCO0808CCV ADCO0808CCJ ADC0808CJ
+1 LSB Unadjusted ADCO809CCN ADC0809CCV
Package Outiine N28BA Molded DiP | V28A Molded Chip Carrier J2BA Ceramic DIP. | J2BA Ceramic Dip
www.national.com 2




Absolute Maximum Ratings (votes 2, 1)

it Military/Asrospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for avallabllity and specifications.

Supply Voitage (V¢c) (Note 3) 6.5V

Veltage at Any Pin =0.3V to (Ve +0.3V)
Except Control Inputs

Voltage at Control Inputs =-0.3V to +15Vv

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)
Storags Temperaturs Range ~65°C to +150°C

Package Dissipation at Ta=25C 875 mwW
Lead Temp. (Soldering, 10 seconds)
Duai-in-Line Package (plastic) 260°C

Electrical Characteristics

Dual-In-Line Package {ceramic) 300°C
Molded Chip Carrier Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
ESD Susceptibifity {Note 8) 400V
Operating Conditions (Notes 1, 2)
Temperature Range (Note 1) TrainSTASTiax
ADCOB08CCN,ADC0809CCN ~40°C<T,<+85°C

ADCO808CCV, ADCO80SCCY
Range of V. (Note 1)

-40°C < T, < +85°C
4.5 Vo 10 8.0 Ve

Converter Specifications; Vee=5 Voc=Vrer., Vrer(-)"GND, Tyyn<T A=Tuax and fc, k=640 kHz unless otherwise sialed.

Symbol Parameter Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 25°C E 3% LSB
(Note 5) T 10 Thiaxe 34 LSB
ADC0809
Total Unadjusted Error 0'Cfo 70°C %1 LSB
(Note 5) Toin 10 Trax 1% LSB
Input Resistance From Ref(+) to Ref(-) 1.0 4.5 kQ
Analog Inpul Voltage Range (Note 4) V(+) or V(-) GND~0.10 Veet0.10 Voc
VRreF(+) Voltage, Top of Ladder Measured at Ref(+) Vee Vee+0.1 \
VREF(+)+ VRer(- Voltage, Center of Ladder Vec/2-0.1 | Veel2 | Vec/2+401 A
2
Vrer(-) Voltage, Bottom of Ladder Measured at Ref(-) 0.1 0 v
[ Cemparator lnput Cument 15640 kHz, (Note 8) £2 55 2 HA

Electrical Characteristics

Digital Levels and DC Specifications

: ADCO808CCN

-40°C<T ,<+85°C unless otherwise noted

, ADC0808CCV, ADC080SCCN and ADCO809CCV, 4.755V<5.25V,

Symbol | Parameter [ Conditions [ o [ 7y Max | Units
ANALOG MULTIPLEXER
losres) OFF Channel Leakage Current Vee=8V, Vi =5V,
TA=25'C 10 200 nA
T O 1.0 A
Yorre) OFF Channei Leakage Current Vee™5V, V=0,
e = 2O -200 -10 nA
Taam 10 Tapax -1.0 UA
CONTRQL INPUTS
Vinity Logical *1” Input Voltage " Vee15 Ve
Vinioy Logical “0" input Voltage 1.5 v
inery Logical “1" Input Current Vin=15V 1.0 pHA
(The Control Inputs)
ey Logical “0" Input Current Vin=0 ~10 pA
(The Control Inputs)
lee Supply Current feLk=640 kHz 0.3 3.0 mA

www.national.com
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ADCO0308/ADC0809

Eiectrical Characteristics (Continued)

D;ghal Levels and DC Specifications: ADCO808CCN, ADCO808CCV, ADCO803CCN and ADCDB09CTYV, 4.755V$5.25V,
-40°C<T,<+85°C unless otherwise noted

Symbol | Parameter ] Conditions [ min Typ | Max | Units
DATA OUTPUTS AND EOC (INTERRUPT)
Vout Logical “1* Output Voltage Voo = 4.75V
lour = ~360pA 24 V(min)
lour = ~10pA 45 V(min)
Vour Logical *0* Output Voltage 15=1.6 mA 0.45 v
Vouro) Logical “0" Cutput Voitage EQC 15512 mA 0.45 Y
15 TRI-STATE Cutput Cument Vo5V 3 HA
V,=0 -3 pA

Electrical Characteristics
Timing Specifications Vec=Vrerp) =5V, Vrer-)=CGND, 1,=1,=20 ns and Ta=25"C unless otherwise noted,

Symbol Parameter Conditions Min Typ Max Units
Yws Minimum Start Puise Width (Figure 5) 100 200 ns
twace Minimum ALE Pulse Width (Figure 5) 100 200 ns
(X Minimum Address Set-Up Time (Flgure 5) 25 50 ns
ty Minimum Address Hold Time | (Figure 5) 25 50 ns
[ Analog MUX Delay Time Rs=0Q (Figure 5) 1 2.5 us

From ALE
s biao OE Control to Q Logic State C.=50 pF, R, =10k (Figur= &) 125 250 ns
e lon OE Control to Hi-Z C.=10 pF, R, =10k (Figure &) 125 250 ns
te Conversion Time 1640 kHz, (Figure 5) (Note 7 90 100 116 us
1. Clock Frequency 10 740 1280 kHz
teoc EOC Delay Time (Figure 5) 0 5+2 uS Clock
Periods
Cin Input Capacitance At Control Inputs 10 15 pF
Cour TRI-STATE Output At TRI-STATE Outputs 10 15 pF
Capacitance

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC efectrical specifications do not anply when operating
the device beyand its specified operating conditions.

Nota 2; Anvoltagesarsmeaswsdwm:respeatoGND.wmoﬂvewbespeciﬁed.

Note 3: A zener dicds exists, internally, from Vee to GND and has a typical breakdown voitage of 7 Voc.

Note 4; Twoon—clu'pdiodasaretledtneac\‘\analoginpuwhlchmuforwardcondtmbfamlogfnmnvoltagesonediodedmpbemgmundormediodedmpgmater
than the Vcen supply. The spec allows 100mvforwe¢dblasdeithercﬁod&Tmmmﬂ\atasimgasunmdogvmdoesnmuceedmesupglyvunagebymore

than 100 mV, the output code will be correct. To achieve an absolute 0V to 5V input voitage range will thesefore require & minimum supply voltage of 4.900 Vpe
over temperature variations, Initial tolerance and loading.

Note 5: Total unadiusted error includes offset, fuli-seale, finearity, and multipiexer emors. See Figure 3, Nore of these A/Ds requites a zero or full-scale adjust How-
ever, if an all zero code is desired for an analog input cther than 0.0V, or if a narrow full-scale span exists (for example: 0.5V to 4.5V fuil-scale) the reference voitages
can be sdjusted to achieve this, See Figute 13,

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and has little
temperature dependence (Figure 6). See paragraph 4.0.

Note 7: mammtmmmbmrmemmdmmmmmmdsoc.

Note 8: Human body model, 100 pF discharged through a 1.5 kQ resistor,

www.national.com 4



Functional Description

Multiplexer. The device contains an 8-channel single-ended
analog signal multiplexer. A particular input channel is se-
lected by using the address decoder. Table 1 shows the input
states for the address lines to sefect any channel. The ad-
dress is latched into the decoder on the low-to-high transition
of the address latch enable signal.

TABLE 1.

SELECTED ADDRESS LINE
ANALOG c B A
CHANNEL

INO L L L
IN1 L L H
IN2 L H L
IN3 L H H
IN4 H L L
INS H L H
IN6 H H L
IN7 H H H
CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition syslem is ils
8-bit analog-to-digital converter. The converter is designed 1o
give fast, accurate, and repeatable conversions over a wide
range of temperatures. The converter is partitioned into 3
major sections: the 256R {adder network, the successive ap-
proximation register, and the comparator. The converler's
digital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particularly important in dlosed loop feedback
control systems. A non-monotonic relationship can cause os-

cillations that will be catastrophic for the system. Additionally, -

the 256R nelwork does not cause load variations on the ref-
erence voltage.

The bottom resistor and the top reslistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The difference in these resistors causes the
output characteristic to be symmetrical with the zero and
full-scale points of the transfer curve. The first output transi-
tion occurs when the analog signal has reached +14 LSB
and succeeding output fransitions occur every 1LSB later up
to full-scale.

The successive approximation register (SAR) pesforms 8 it-
erations to approximate the input voltage. For any SAR type
converter, n-iterations are required for an n-bit converter.
Figure 2 shows a typical example of a 3-bit converter. in the
ADCO0808, ADC0809, the approximation technique is ex-
tended o 8 bits using the 256R network.

The A/D converter's successive appicximation register
(SAR) is reset on the positive edge of the start conversion
(SC) puise. The conversion is begun on the falfing edge of
the starf conversion pulse. A conversion in process will be in-
terrupted by receipt of a new start conversion pulse. Con-
tinuous - conversion may be accomplished by tying the
end-of-converslon (EOC) oulput to the SC input. If used in
this mode, an external start conversion pulse should be ap-
plied after power up. End-of-conversion will go low between
0 and 8 clock pulses after the rising edge of start conversion.

The most important section of the A/D converter is the com-
parator. It is this section which is responsible for the ultimate
accuracy of the entire converter. It is also the comparator
drift which has the greatest infiuence on the repeatability of
the device. A chopper-stabilized compatator provides the
most effective method of salisfying all the converter require-
ments.

The chopper-stabilizad comparalor converts the DC input
signal into an AC signal. This signal is then fed through a
high gain AC amplifier and has the DG level restored. This
technique limits the drift component of the ampilifier since the
drift is a DC component which is not passed by the AC am-
plifier. This makes the entite AD converter extremely insen-
sitive 1o temperature, long term drift and input offset errors.

Figure 4 shows a tynical emor curve for the ADC0808 as
measured using the procedures outlined in AN-179.

www.national.com
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ADC0808/ADC0809

Functionat Description (Continued)

CONTROLS FROM S.A.R.
1
REF(+) o_l {‘ ‘ * ‘\
%R
R N
e L]
° ° o
R
= ~ SO N
°
3 10
568 o . . . 2 'c&w\mmn

P2

FANT 2
AEF(~} Omed

AAA

DS00s672:2
FIGURE 1. Resistor Ladder and Swiich Tree

m - INFINITE RESOLUTION
i~ FULLSCALE i PERFECT CONVERTER
i IDEAL CURVE ~ ERRDR=1/2158
" +1/2 58 IDEAL 3047 CONVERTER
woam L] TOTAL o] f
3 S 101 | UNABJUSTED ™
B om " ERRDR )
5 Ehhde -11s8
5 8 - g ABSOLUTE
S MONLINEARITY =172 153 3 m ACCURACY
2 o - a
5 NONLINEARITY » 172 L5§ = o L;},’},},‘,‘um,
001} -
~ |~ 2ER0 ERROR = —1/g 15E hys ERRCS
000 Vv "/
LORURZ R BT I R mnmmznmmmmm -
ViN A3 FRACTION OF FULL-SCALE Vin AS FRACTION OF FULLSEALE
DE0CS672-13 7214
FIGURE 2 3.8t AD Tr ansfer Curve FIGURE 3, 3-Bit AD Absolute Accuracy Curve
REFERENCE LINE
QUANTIZING
ERRDA ; :
INPUT DV FULL
VOLTAGE SCALE

DS006672-15
FIGURE 4. Typical Error Curve
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Timing Diagram

- vt

o Ym
ALE mj¢ %)(1 ! .
i F—
ADDRESS T}— , ‘!H%
\ | AT
":.l_?v‘; _“]anut--j 5 ‘—q
i IR
COMPARATOR T
T t x
ONTERNAL MODE) 4 .,
% / \
ouTPyT ;
EBanis T

DS0056724

FIGURE 5,

7 www.national.com
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ADC0808/ADC0809

Typical Performance Characteristics

15 ; 2 :
o= 1280kt Ta=85°C
1 T
S w / r—-‘/ g Jose TN
‘_35 M-mm: ‘S; T:rr/c \K
B DTy 4 4 £
i § \
iy "l'm"'"l'—— i Ta= e
-1.5
] 125 25 i 3 l
Vi) ]
DS00sE72118 ] 25 25 375 5
FiGURE 6. Comparator b vs Vi Vi (V)
(Vec=Vres=5V) DS006672-17
FIGURE 7. Multiplexer R, vs Vin
(Vec=Vrer=5V)
TRI-STATE Test Circuits and Timing Diagrams
b ts by G = 10 pF tyy, € = 50 pF
& i

ENABLE
GND

SUTAUT

ENABLE

N Veo

ouTPUT

Vou

800567221

Vee
oUTPUT ”"mm
ENASLE 1
BND ﬁt
Vou 0%
ouTPUT N 0%
GAD
tow; C = 10 pF

—=]tg
Veo
ouTPUT 8%

5

j»k—
,1:*
o

f=—tn
I

Dsooser220
tha €y = 50 pF

DNG872-19

%
HO:
50%:
DS008672.22 Deooss72-23

FIGURE 8.

Applications Information
OPERATION

1.0 RATIOMETRIC CONVERSION

The ADT0808, ADC0808 is designed as a complete Data
Acquisition System (DAS) for ratiometric conversion sys-
tems. In ratiometric systems, the physical variable
measured is expressed as a percentage of full-scale which is
not necessarily related to an absolute standard. The voltage
input to the ADC0808 is expressed by the equation

ViN Dx
—_— = X
Vis—Vz  Dmax—Duin
Vin=Input voltage into the ADC0808
Vi.=Full-scale voltage
Vz=2ero voltage

M

Dy=Data point being measured

Dyax=Maximum data fimit

Dan=Minirnumn dala limit
A good example of a ratiometric transducer is a potentiom-
eterused as a position sensor. The position of the wiper is di-
rectly proportionat 1o the ouipui voliage which is a raiio of the
full-scale voltage across it. Since the data is represented as
a proportion of full-scale, reference requirements are greatly
reduced, efiminating a large source of civor and cost for
many applications. A major advantage of the ADC080S,
ADCO0808 is that the input vollage range is equal to the sup-
ply range so the transducers can be oconnected directly
across the supply and their outputs connected directly into
the multiplexer inputs, (Figure 9).
Ratiometric transducers such as polenfiomelers, strain
gauges, thermistor bridges, pressure transducers, elc., are
suitable for measuring proportional relationships; however,
many types of measurements must be referred to an abso-
lute standard such as voltage or current. This means a Sys-
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Applications Information (Continued)

tem reference must be used which refates the full-scale volt-
age to the standard voit. For example, if Ve =Vipe=5.12v,
then the full-scale range is divided into 256 standard steps.
The smaliest standard step is 1 LSB which is then 20 mV.,

than the supply, and

P-channel switches.

isfied in ratiometric systems and

2.0 RESISTOR LADDER LIMITATIONS

The vollages from the resistor ladder are compared {o the
selected info 8 times in a conversion, These voltages are
coupled to the comparator via an analog switch tree which is
referenced to the supply. The voltages at the top, center and
bottom of the ladder must be controlled to maintain proper

referenced systems.

voltage within 0.1V,

The top of the ladder, Re!

the analog switch tree chan

not be more negative than ground. The cent
voltage must also be near the center of the supply because
ges from N-channel switches to
These limitations are automatically sat-
can be easily met in ground

Figure 10 shows a ground referenced system with a sepa-
rale supply and reference. In this system, the supply must be
fimmed to match the reference yolta
5.12V s usad, the supply should be adjusted to the same

f(+), should not be more positive
the bottom of the ladder, Ref(-), should

ge. For instance, if a

er of the ladder

operation.
T Vee
REF(+) Ms8
‘b
g 153
9 . DIGITAL
» % OUTPUT
: Oy PROPOATIONAL
% TO ANALDS
3 INPUT
®
* Ino
v V|
REF(-) L5B Qoyr= N . VIN
J | 1 Iy VREF Vo
0 ! AT5Y sVoo=VRER<525V

ADCO308

* Ratiometric transducers
D800s672-7

FIGURE 9. Ratiometric Conversion System

The ADC0808 needs less than a miiamp of supply current
80 developing the supply from the reference is readily ac-
compiished. In Figure 11 a ground referenced system is
shown which generates the supply from the reference. The
buffer shown can be an op amp of sufficient drive to supply
the milliamp of supply current and the desired bus drive, or if
a capacitive bus is driven by the outputs a large capacitor will
supply the transient supply cument as seen in Flgure 12. The
LM301 is overcompensated 1o insure stability when loaded
by the 10 pF output capagcitor.

The 6p ahd boliom iadder voitages cannot exceed Vee and
ground, respectively, but they can be symmetrically less than
Ve and greater than ground. The center of the fadder voli-
2ge should always be near the conter of the supply. The sen-
silivity of the converter can be increased, (i.e., size of the
LSB steps decreased) by using a symmetrical reference sys-
lem. In Flgure 13, a 2.5V reference is symmetrically cen-
tered about Vic/2 since the same current flows in identical
resistors. This system with a 2.5V reference aiiows the LSB
bit to be half the size of a 5V reference system.

www.national.com
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Applications Information (Continued)

Ve
SUPPLY Vee
#s8
VRer BEF(+) DIGITAL
. oUTPUT
Quy REFERENCED
Ot 1y 10
vin{o— ¢ GROUND
—— ):g
N REF(-) LsB
O~ GND
ADCO308
DS00s672-24
- N
Qour Vrer
475V < Vee = Vper < 525V
FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply
vf
Vee
v ]
o MSB
1 +
- DIGITAL QUTPUT
VAt N o~ HiS) Sgut REFERENCED TO
VREF1%) O 1,7 GROUND
Vin § O— S
10—' (%)
[— REF(=) LSB
&— Gno
ADCESES
DS005872-25
VN
Vaer

475V < Voo = VRer < 525V

FIGURE 11. Ground Referenced Conversion System with
Reference Generating V. Supply
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Applications Information (Continued)

Vee
REF(+]

+ 10uF
" SOLIB

T TANTALUM
P— Gud
L’ AEF(-)

DS005672-26
FIGURE 12. Typical Reference and Supply Circuit

5v
Ry
{Vee
375V el [°5]
b tny
< °
L ]
» L]
0 Ooyr
L]
L]
» 1]
125V
= AEF(=)
25V
REFERENCE L 158
@ GND
Yy

RA=Rg
“Ratiometric transducers
FIGURE 13, Symmetrically Centered Referance

3.0 CONVERTER EQUATIONS The output code N for an arbitrary input are the integers
;l)'he transition between adjacent codes N and N+1 is given within the range:
y:
N YN~ Vreri) X256+ Absolute Accuracy
Vin= {(VREF(+)—VREF(—))[1+—1-}1VM} +Vagr(-) Yty Wner) (4)
282 2) Where: Vin=Voliage at comparator input
The center of an output code N is given by: Vier()=Voltage at Ref(+)

Vrer(-y=Vollage at Ref(-)
Vrue=Tolal unadjusted error voltage (typically

iy {(VREF(+)‘VREF(—))I %} * VTUE} *+VRer(-) = Vrer*512)

DIGITAL DUTPUT
PROPORTIONAL TO
ANALDG INPUT
125V < Vi < 3,75V

DSOSAT2-27

1

www.national.com
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ADC0808/ADC0809

Appilications Information (Continued)

4.0 ANALOG COMPARATOR INPUTS

The dynamic comparator input current is caused by the pe-
riodic switching of on-chip stray capacitances. These are
connected alternately to the output of the resistor ladder/
switch tree network and to the comparator input as part of
the operation of the chopper stabilized comparator,

The average value of the comparator input current varies di-
rectly with clock frequency and with Viv as shown in
Figurs 6.

Typical Application

If no filter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input cur-
rent should niot introduce converter errors, as the transient
created by the capacitance discharge will die out before the
comparator output is strobed.

If input filter capacitors are desired for noise reduction and
signal conditioning they will tend to average out the dynamic
comparator input current. It will then take on the characteris-
tics of a DC bias curent whose effect can be predicted con-
ventionally.

READ
J INTERRUPT
500 kHz = CLK (1]
ADEDHDEQ 5.000V=—{Vgg(y) EOC INTERRUPT
(ADS-AD1E)* 0800V =Vpee ()
- V——b 087 Mg
START 22 e DBS
s ALE 2-3 e DBS
74— 1
ADD et 25 fredy DB
AD]==iB ::,':::,ﬁ 26 p——p D52
AD2 ~—dt 271 P> DB1
78 ———Pos s
5V SUPPLY t
Veo 7 =—=Viy 8
END <
o-5v
GROUND "= . ANALOG
INPUT RANGE
L]
lan —Vin 1
DS00E672-40
"Address Jetches needed for 8085 and SC/MP interfacing the ADC0808 tn a microprocessor
TABLE 2. Microprocessor interface Table
PROCESSCOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuit)
8085 RD WR INTR (Thru RST Circuit)
Z-80 RD WR INT (Thru RST Circuit, Mode 0)
SC/MP NRDS NWDS SA (Thru Sense A)
6800 VMA=$2:RIW | VMA-6-RW | IRGA or IRQB (Thru PIA)

www.national.com 12




P hysicai Dimensions inches (milimeters) unless otherwise noted
FLF A A FE [ FLE @R R E

0.862
0.570+0.005
(12.85£0.121)

’.
—ﬂmwlﬂwwlﬂuwﬁjwhﬂmn )
9. 1 0ENT LE

1.393-1.420
(35.38-38.57;

000 L i 0sM-06m 0.145-021 0.050 it
o7y r [ERTITS - — [ {tz " 8- s
A RUS=4.191) g g7
4 At o
_‘_%C_:—); T o508
i i {
'/‘,5. so 00090015
o — \"(uzs-n.m)
S— um—»’ 0.050:0.015 2100£0.010 ! Il 201020003 1
{14.73) S —_— 21280115
B NZvzessy i ¢ |2‘mto.zsu)—>l “‘mmzn.m; S iy
m—o.m’~——>~1
(1583:’:;?;) N28B(REV )

Molded Dual-In-Line Package (N)
Order Number ADCO808CCN or ADCOS03CCN

NS Package Number N28B
+0.006
feng 2459 000
40.15
[11.43} 000 Yy
PIN #1 10ExT (1345 501720.004
4 1 26 0.0/320.003 ;. [0.4320.10) '
{0.7420.08} 1 <
s 25
g i Tl 7)
0 ;j. 0.410£0.020 1y,
[ o [10.41£0.51]
0 ]
N ]
11[1 {1

| —SEATING PLANE

2" 6050 ve 2
[1.27) | e 0020 e
0.300 10 [0.51]
[7.62) 0.105£0.015 .
150 x 0045 ! [2.6710.38]
0.165-0.180 1,

[1.14]
f4.19-4.57]
)

0.49040.005

{12.4520.13} V20A (REV K}
Molded Chip Carrier v)
Order Number ADCO808CCYV or ADCO809CCV
NS Package Number V28A
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ADCO0808/ADC0809 8-Bit uP Compatible A/D Converters with 8-Channel Multiplexer

Notes

LIFE SUPPORT PoLiCY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

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

labeling, can be reasonably expected to result in a
significant injury 1o the user.
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BURR - BROWN®

: INA101

High Accuracy

INSTRUMENTATION AMPLIFIER

FEATURES APPLICATIONS

® LOW DRIFT: 0.25uV/°C max @ STRAIN GAGES

© LOW OFFSET VOLTAGE: 251V max @ THERMOCOUPLES

@ LOW NONLINEARITY: 0.002% ® RTDs

® LOW NOISE: 13nViHz ® REMOTE TRANSDUCERS

@ HIGH CMR: 106dB AT 60Hz © LOW-LEVEL SIGNALS

@ HIGH INPUT IMPEDANCE: 10%Q) ® MEDICAL INSTRUMENTATION

® 14-PIN PLASTIC, CERAMIC DIP,
SOL-16, AND TO-100 PACKAGES

DESCRIPTION

The INA101 is ahigh accuragy instrumentation ampli-
fier designed for low-level signa) amplification and
general purpose data acquisition. Three precision op
amps and laser-trimmed metal film resistors are inte-
grated on a single monolithic integrated circuit.

Offset Offset
Adj. Adj. A, Output
2? ?3 TO-188 PACKAGE s? ?., A DIP PACKAGE
104
—nput e NAT01 3 INA
0—1-0— V + ~Input O—— +
A Y A 0 A h 4 A Y
E - 10k 10k E - 10k
1 » Gain Senss 1 4
' 2060 T 20k
Output Gain Set § Output

Rs T T T 0

i Gain Set 2 = —MW

20k0 yy- 20k0
B N Gain Sense 2 R o
1 A Y Common 1kQ ‘i !! Common

5 A I 12 A v FYR

o—— A + 10kia 10K +input O——-AAA— + 10k 10k2
+nput
el' 'Le 2 L L13 J)s
*Vee—Vee +Vec-Vec A, Output

Internatianal Alrport industrial Park » ummmnomumvmum . &mdkd&u:mns.fucsonwvd.,fumn,u 85706

bl

p:ih brown.com/ « FAXLine: (800) 548-6133 (US/Canada Only)  Cable: BBRCORP « Telex: D66-5499 « FAX: (520) 888-151D .

The INA101 is packaged in TO-100 metal, 14-pin
plastic and ceramic DIP, and SOL-16 surface-mount
packages. Commercial, industrial and military tem-

perature range models are available.

» Tel: (520) 2464141 » Tw: JH0-3524444
fmimediate Produet kifo: (800) 548-6932

©1981 Burr-Brown Corporation

PDS-454K

Printed in .S A. July, 1998




SPECIFICATIONS

ELECTRICAL
Al +25°C with +1SVDC power supply and in circuit of Figure 1, unless otherwise noted,

INATD1AM, AG INATDISM, SG INAT01CH, CG INATOTHP, KU
PARAMETER M TYP MAX mN Y MAX Wi W MAX MmN TP MAX UNITS
GAmN .
Range of Gain 1 1000 . . . . . B W
Gain Equation G=1+ (40kRy) . - . W
Eiror from Equation, DC( £{0.04 » 0.000166 H0.1+0.00036 = ) 2 s 0.1+ (03+ %
-0.02/6) -0.05/G) 0.00015G) 0.0002G)
-0.05/G -0.10G
Gain Temp. Coeficent(
1G=1 2 5 - . * “ . . ppmieC
G=10 20 100 * > 0 e . : ppmC
G=100 2 110 £ : " - . - PpmveC
G=1000 22 10 * ¢ n = : : ppmi°C
Nornearky, D22 L{O802+16FG) | L0005 425105 18001 1{8.002 1{0.01 1{0.502 b * %olppFS
+10°0) +105G) +108G) +105G)
"/U\rm OUTPUT g
£10 £125 ) - : . 5 2
8?:3 15 10 # i 2 * ' . mA
stput impedance 0.2 - " ‘ a
Capacitive Load 1000 2 : ) pF
HPUT OFFSET VOLTAGE
bitia) Offset at +25°C 25 + 200/G) (50 + 400/G) 10+ (25 (104 25+ 125+ £{250 + w
i 100/G) +200G) 100/G) 200/G) 450/) S004G)
vs Temperature {2+ 20/6) 2{0.75 £(0.25 + (2 + 20/G) e
+10/G) 10/G) i
vs Supply 21+ 2006) o > < y
vs Time 1+ 20/G) » 7 . HVimo
INBUT BIAS CURRENT
Inkial Bias Cument
{eachinput) +15 +30 =16 b 5 20 % w M
vs Temperature 0.2 b ¥ 5 nAPC
Vs Supply 0.3 ? 2 s PV
it Offset Current 415 £30 £10 e 5 £20 3 2 m
E‘fmmam 05 e % 2 PAPC
MPUT BZPEDANCE
Differentia) 10 3 ki i 2 Q) pF
}_Common-mode 1043 9 * P GljpF
INPUT VOLTAGE RANGE
Linear Response £10 112 = o g 5 = % v
CMR with k2 Sousca Imbalance
DCto60Hz, G =1 80 % - e ? B 65 85 dB
BCo60HZ G= 10 9% 106 ¢ 4 Q P 90 9 d8
_Momsuoommo 106 110 - > £ ¢ 100 105 dB
NPUT NOISE
Vokage Noise
f5=0.01Hz t0 10Hz 08 c F : BV, pp
Detsiy, G = 1000
fo=10Hz 8 % i » nVHRz
- b= 100Hz 15 : . = VWL
=1k 13 3 . 2 nViNRz
ot Cument Noise
Dﬁ,:a.mmmonz 0 ¢ X * PA.pp
e
fy="10Hz 08 R - 4 PANHL
f= 100Hz 0.46 2 . . PANHL
fo=1kHz 035 2 o . PANTZ
20 b
DYNAMIC RESPONSE
S Signal, +30B Flatmess
(] 300 - i o K
G=10 140 % ) ~ KMz
G=100 25 4 » 3 KHz
G=1000 25 G - £ kHz
Sl Signal, £1% Flatness
Ga1 2 . . . KHz
G=10 10 B # B kHz
G100 1 ¥ * . kHz
G= 1000 200 & ® B Hz
Fullloower, G = 110 700 64 s : = kHz
Rate, G =110 100 02 0.4 s . . . e . Vius
Time {0.1%)
=1 30 490 . . > . - . us
=100 49 55 % L s - . b ps
=1000 350 470 : s s . : 2 us
g Tere 0.01%)
=1 30 45 . G B - . . s
= ,m 50 m - - - - . - “,5
21000 500 650 . » - » - . us
POWER SUPPLY
22t Votage £15 g s - v
fo¥ii00 Range 15 420 . . . . . . v
UTpry, Quiescentid 167 185 : : 5 . * . mA
EVpE RATURE RANGES
i -25 +85 -5 125 : 2 0 +70 °C
Petziion -55 +125 : ) . - -25 +85 i
toige -85 +150 5 ' . = -0 +85 oC

@m)msamaasmwmmm

% {1) Typically the tolrance of ﬂbememjrsoweo(gahmw.wmsmmpe&deﬂﬂbnhmmmmylhaamdmmmm{3)No(ncniag' the TCR of R, (4) Adstable
“mnyomgmts)o:unpuks%ge-urcm.exqiesmcimay:m%m.eﬂ=a3°cm. i
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PIN CONFIGURATIONS

Top View

pip
To-100 G and P Package
Output | 1 14 | Common
+Vee l 2 13 I “Vee
~Input | 3 12 ’ +input
Gain Sense 1 { 4 11| Gain Sense 2
YPackags Gain Set 1 | 5 10 | Gain Set 2
e 16 Common Offset Agi. [ 5 5 ] A2 ot
5 E Vg, Offset Adj. l 7 8 ’ A1 Output
3 14 I +Input
4 13 | Gain Sense 2
5 12 | Gain Set 2
Offset Adj, [E 11| A2 Output
Offset Adj. E E A1 Output
NC E 9 , NC
ORDERING INFORMATION ABSOLUTE MAXIMUM RATINGS
PRODUCT PACKAGE TEMPERATURE RANGE Supply Voliage ....
INA101AM 10-Pin Metal TO-100 ~25°C to +85°C L Cay DI'SS'P"“"" — T A T &
INATO1CM 10-Pin Metal TO-100 ~25°C 10 485°C nput Voliage Range
INA101AG 14-Pin Ceramic DIP ~25°C 10 +85°C OUlpUt'Sh(.)rﬂ Circuit (lo %;oung) ...............
INA101CG 14-Pin Ceramic DIP —25°C 10 +85°C Operating Temperature M, G Package .. : i
o o P, U Package ................ . =25°C to +85°C
INA1O1HP 14-Pin Plastic DIP 0°C 10 +70°C A 650 5 S1ap°C
INA1O1KL SOL-18 Surface-Mount 0°C to +70°C Storage Temperature M, G Package ..........oo....... o
INA101SG 14-Pin Ceramic DIP ~55°C to +125°C P, U Package
INA101SM 10-Pin Metal TO-100 -55°C to +125°C
PACKAGE INFORMATION E LECTROSTAT' C
PACKAGE DRAWING ‘&\ j : TY
INA101AM 10-Pin Metal TO-100 007 This integrated circuit can be damaged by ESD. Burr-Brown
INAO1CM 10-Pin Metal TO-100 007 recommends that all integrated circuits be handled with ap-
INA101AG 14-Pin Ceramic DIP 169 F ; ’ :
INA1D1CG 14-Pin Ceramic DIP 169 propriate precautions. Failure to observe proper handling and
INA1O1HP 14-Pin Plastic DIP 010 installation procedutes can cause damage.
INA101KU SOL-16 Surface-Mount 211 e
INAID1SG 14-Pin Ceramic DIP 189 ESD damage can range from subtle performance degradation
INA101SM 10-Pin Metal TO-100 007 to complete device failure. Precision integrated circuits may

NOTE: (1) For detailed drawi
sheet, or Appendix D of By

The information provided herein isbelieved to
o responsibility for the use of
without notice. No patent

be refiable; however, BURR.

rights or licenses to any of

ng and dimension table, ptease see end of data
r-Brown IC Data Book.

any BURR-BROWN product for use in life support devices and/or systems,

be more suseeptible to damage because very small parametric
changes could cause the device not to meet its published
specifications,

-BROWN assumesno responsibility for Inaccuracies or omissions, BURR-BROWN assumes
this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
the circuits described herein are j
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TYPICAL PERFORMANCE CURVES

At +25°C, Ve = £15V unless otherwise noted.

GAIN NONLINEARITY vs GAIN
0.01
T TTTm e
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e | J
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TYPICAL PERFORMANCE CURVES (conT)

At +25°C, Ve = +15V unless otherwise noted.

SETTLING TIME vs GAIN
1000 T -
T
S ,
T })rr1 ‘_”‘“f‘ ’
g L pl AR 1/,1 /
o ! | 1% /i
F 100 Ll 1IN 9 4
£ ] B 7
ﬁ ' & »‘_.J’”', T _J~_—
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APPLICATION INFORMATION

Figure 1 shows the basic connections required for operation
of the INA101. (Pin numbers shown are for the TO-100
metal package.) Applications with noisy or high impedance
power supplies may require decoupling capacitors close to
the device pins as shown.

The output is referred to the output Common terminal which
is normally grounded. This must be a low-impedance con-
nection to assure good common-mode rejection. A resis-
tance greater than 0.1Q in series with the Common pin will
cause common-mode rejection to fall below 106dB.

SETTING THE GAIN

Gain of the INAI0I is set by connecting a single external
resistor, Rg:

— 1. 40kQ
G=1 +——R )

G

OUTPUT NOISE vs GAIN

w
[=]

. 008

Rg= 1MQ

/RS=1_ooom
Rs = 10k2
0

0 10 100 1000
Gain (VIV)

Py
(=]

Output Noise Voltage (mV, ms)

The 40k term in equation (1) comes from the sum of the
two internal feedback resistors. These are on-chip metal film
resistors which arc laser trimmed to accurate absolute val-
ues. The accuracy and temperature coefficient of these
resistors are included in the gain accuracy and drift specifi-
cations of the INA101.

The stability and temperature drift of the external gain
setting resistor, R, also affects gain. Ry’s contribution to
gain accuracy and drift can be directly inferred from the gain
equation (1). Low resistor values required for high gain can
make wiring resistance important, Sockets add to the wiring
resistance which will contribute additional gain error (possi-
bly an unstable gain error) in gains of approximately 100 or
greater. The gain sense connections on the DIP and SOL-16
packages (see Figure 2) reduce the gain error produced by
wiring or socket resistance,

BURR - BROWNe®

INA101 ‘



OFFSET TRIMMING

The INA101 is laser trimmed for low offset voltage and
drift. Most applications require no external offset adjust-
ment. Figure 2 shows connection of an optional potentio-
meter connected to the Offset Adjust pins for trimming the
input offset voltage. (Pin numbers shown are for the DIP
package.) Use this adjustment to null the offset voltage in
high gain (G > 100) with both inputs connected to ground.
Do not use this adjustment to null offset produced by the
source or other system offset since this will increase the
offset voltage drift by 0.3uV/°C per 100pV of adjusted
offset,

Offset of the output amplifier usually dominates when the
INA101 is used in unity gain (G = 1). The output offset

voltage can be adjusted with the optional trim circuit con-
nected to the Common pin as shown in Figure 2, The voltage
applied to Common terminal is summed with the output.
Low impedance must be maintained at this node io assure
good common-mode rejection. The Op amp connccted as a
buffer provides low impedance.

THERMAL EFFECTS ON OFFSET VOLTAGE

To achieve lowest offset voltage and drift, prevent air
currents from circulating near the INA 101, Rapid changes in
temperature will produce a thermocouple effect on the
package leads that will degrade offset voltage and drift. A
shield or cover that prevents air currents from flowing near
the INA101 will assure best performance.

No

2? ?3

Connection

TO-100 PACKAGE

INA101

g  Output
——OVo =G (E,-E,)

2L

+15V-15v

]

Tantalum

ade
1pF =

FIGURE 1. Basic Connections,

Input Offset Adjustment
Do not use to null source or system
offset (see text).

+15V
100k2
A; Output
6] (7 ?

O
20kQ
: W—]
Ro 10 AAA
G=1+ f&k‘_} LL 20kQ
: 1
E, 12 VY 10k
= 2 13
R

+15V-15V A, Output

DIP PACKAGE
INA101
7 O Vo = G (Ey~ By} +Vgom
Common Veom
14 F
10kQ +15v Approximately
o +15mV Range
Pinout shown
is for DIP packages.
5 Output Offset
~15v Adjustment

FIGURE 2. Optional Trimming of Input and Output Offset Voltage.
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+5V-Powered, Mu_l-tinnl RS-23

» »
Drivers/Receivers
General Description Next-Generation
The MAX220-MAX249 family of line drivers/receivers is Device Features
;.ntﬁguieéj lfOf all ElA{;IA-é??Eaancﬂ V.tQiSN .24hcomm1ug\|,c§- ¢ For Low-Voltage, Integrated ESD Applications
bl s > Particularly applications where 12 is MAX3222E/MAX3232E/MAX3237E/MAX3241E/
pergddlianie, . , MAX3246E: +3.0V to +5.5V, Low-Power, Up to
These parts are especially useful in battery-powered sys- 1Mbps, True RS-232 Transceivers Using Four
tems, since their low-power shutdown mode reduces 0.1yF External Capacitors {(MAX3246E Availahle
power dissipation to less than SuW. The MAX225, ina UCSP™ Package)
MAX233, MAX235, and MAX245/MAX246/MAX247 use ¢ For Low-Cost Applications
no external components and are recommended for appli- MAX221E: £15kV ESD-Protected, +5V, 1pA,
cations where printed circuit board space is critical, Single RS-232 Transceiver with AutoShutdownT™
Applications Ordering Information
Portable Computers PART TEMP RANGE PIN-PACKAGE
Low-Power Modems MAX220CPE 0°C to +70°C 16 Plastic DIP
Interface Transiation MAX220CSE 0°C to +70°C 16 Narrow SO
ra MAX220CWE 0°Ct0+70°C 16 Wide SO
Battery-Powered RS-232 Systems MAX220C/D 0°C to +70°C Dice*
Multidrop RS-232 Networks MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 18 Wide SO
MAX220EJE -40°C to +85°C 18 CERDIP
MAX220MJF. -66°C to +125°C 16 CERDIP
AutoShutdown and UCSP are trademarks of Maxim Integrated Ordering Information continued at end of dala sheet.
Products, Inc., *Contact factory for dice Specifications.
Selection Table
Power No. of Nominal ~ SHDN Rx
Part Supply RS-232 No. of Cap. Value & Three- Active in Data Rate
Number ) Drivers/Rx Ext. Caps_(uF) State SHDN — (kbps) Features
MAX220 +5 2/2 4 0.047/0.33  No — 120 Ultra-low-power, industry-standard pinout
MAX222 +5 2j2 4 0.1 Yes — 200 Low-pawer shutdown
MAX223 (MAX213) +5 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 0 — Yes v 120 Available in SO
MAX230 (MAX200) +5 5/0 4 1.0(0.1) Yes — 120 5 drivers with shutdown
MAX231 (MAX201) +5 and 212 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+75t0 +13.2 same functions as MAX232
MAX232 (MAX202) +5 22 4 1.0(0.1) ~ No — 120 (64)  Industry standard
MAX232A +5 2/2 4 0.1 No — 200 Higher slew rate, small caps
MAX233 (MAX203) +5 22 0 — No — 120 No external caps
MAX233A +5 2/2 0 — No — 200 No external caps, high slew rate
MAX234 (MAX204) +5 4/0 4 1.0(0.1) No — 120 Replaces 14838
MAX235 (MAX205) 45 5/5 0 — Yes — 120 No external caps
MAX236 (MAX206) +5 4/3 4 1.0(0.1) Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 53 4 1.0(0.1) No — 120 Compiernents iBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0(0.1) No — 120 Replaces 1488 and 1489
MAX233 (MAX209) +5 and 3/5 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.51t0+132 single-package solution for IBM PC serial port
MAX240 +5 5/5 4 1.0 Yes — 120 DIP or flatpack package
MAXZ41 (MAX21 1) +5 4/5 4 1.0(0.1) Yes — 120 Complete 1BM PC serial port
MAX242 +5 2R 4 0.1 Yes v 200 Separate shutdown and enable
MAX243 +5 22 4 0.1 No — 200 Open-line detection simplifies cabling
MAX244 +5 8/10 4 1.0 No — 120 High slew rate
MAX245 +5 8/10 1] —_ Yes v 120 High slew rate, int. caps, two shutdown modes
MAX24p +5 8/10 0 — Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 89 1] — Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 8/8 4 1.0 Yes v 120 High slew rate, sefective half-chip enables
MAX249 +5 &/10 4 1.0 Yes v 120 Available in quad fiatpack packaga
MAXIMM Maxim Integrated Procucts 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com:
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Figure 6. MAX222/MAX242 Pin Configurations and Typical Operating Circuit
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