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LTC1290
TECHNOLOGY Single Chip 12-Bit Data
Acquisition System
FEATURES DESCRIPTION
» Software Programmabie Features The LTC1290 is a data acquisition component which
-Unipolar/Bipolar Conversion contains a serial I/0 successive approximation A/D con-

-4 Differential/8 Single Ended Inputs
-MSB or LSB First Data Sequence
-Variable Data Word Length
-Power Shutdown
® Built-In Sample and Hold
= Single Supply 5V or +5V Operation
= Direct 4 Wire Interface to Most MPU Serial Ports and all
~ MPU Parallel Ports
® 50kHz Maximum Throughput Rate

KEY SPECIFICATIONS

& Resolution : 12 Bits
= Fast Conversion Time 13us Max. Over Temp.
= Low Supply Current 6.0mA

LTCMOS is a trademark of Linear Technology Corporation.

verter. ltuses LTCMOS™ switched capacitortechnology to
perform either 12-bit unipolar, or 11-bit plus sign bipolar
A/D conversions. The 8-channel input multiplexer can be
configured for either single ended or differential inputs (or
combinations thereof). An on-chip sample and hold is
included for all single ended input channels. When the
LTG1290is idle it can be powered down with a serial word
in applications where low power consumption is desired.

The serial 1/0 is designed to be compatible with industry
standard full duplex serial interfaces. It allows either MSB
or LSB first data and automatically provides 2’s comple-
ment output coding in the bipolar mode. The output data
word can be programmed for a length of 8, 12 or 16-bits.
This allows easy interface to shift registers and a variety of
processors.

TYPICAL APPLICATION

12-Bit 8-Channel Sampling Data Acquisition System
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“FOR QVERVOLTAGE PROTECTION ON ONLY ONE CHANNEL LIMIT THE INPUT CURRENT TO 15mA. FOR OVERVOLTAGE PROTECTION
ON MORE THAN ONE CHANNEL LIMIT THE INPUT CURRENT TO 7mA PER CHANNEL AND 28mA FOR ALL CHANNELS. (SEE SECTION
ON QVERVOLTAGE PROTECTION IN THE APPLICATIONS INFORMATION.) CONVERSION RESULTS ARE NOT VALID WHEN THE SELECTED

OR ANY OTHER CHANNEL IS OVERVOLTAGED (Vjy < V™ OR Viy > Vgg).
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LTC1290 21~07-01
ABSOLUTE MAXIMUM RATINGS
{Notes 1and 2}

Supply Voltage (Veg) toGNDorV—...................12V  PowerDissipation ..................c.coeiiinis 500mW
Negative Supply Voltage (V-)............... ~6VioGND  Operating Temperature Range ,
Voltage LTC1290BC, LTC1290CC, LTC1290DC ... 0°Cto70°C

Analog and Reference Inputs .. (V™) - 0.3Vto Voo + 0.3V

LTC12908I, LTC1290CI, LTC1290DI...... ~40°Cto85°C

Digitallnputs ............coevviinnnnns -0.3Vio12v LTG1290BM, LTG1290CM, LTC1290DM . - 55°C to 125°C
Digital Outputs ................... -0.3VtoVec+ 03V Storage Temperature Range............. -65°C10150°C
Lead Temperature (Soldering, 10se¢).............. 300°C
PACKAGE/ORDER INFORMATION
ORDER PART ORDER PART
TOP VIEW NUMBER TOP VIEW NUMBER
cHo [T :
o [T LTC12908MJ LTC1290BCS
o2 [T LTG1290CMJ LTC1290CCS
ons [7] LTC1290DMJ LTC1290DCS
chs €] LTC1290CH
chs [ LTC1290D1J
o7 [E] LTC1290BIN
com [Z] LTC1290CIN
oano [io] LTC1290DIN
J PACKAGE N PACKAGE LTC1290BCN S PACKAGE
20-LEAD GERAMIG DIP  20-LEAD PLASTIC o LTC1290CCN 20-LEAD PLASTICSOL |
LTC1290DCN
CONVERTER AND MULTIPLEXER CHARACTERISTICS note3)
LTC1290B _LTC1290C LTC1290D
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | MIN TYP MAX | UNITS
Offset Error (Note 4) ® +15 +15 +15 LSB
Linearity Error (INL) (Notes 4 and 5) ® +05 +0.5 +0.75 LSB
Gain Error (Note 4) [ +05 +1.0 +40 LSB
Minimum Resolution for L] 12 12 12 Bits
Which No Missing Codes are
Guaranteed
Analog and REF Input Range | (Note7) (V—)-0.05V to Vgp +0.05V | (V—)-0.05V to Vo +0.05V | (V —) - 0.05V fo Vg +0.05V v
On Channel Leakage Current | On Channel =5V [ +1 +1 +1 uA
{Note 8) Off Channel = OV :
On Channel =0V ® +1 *1 +1 wA
Off Channel =5V
Off Channel Leakage Current | On Channel =5V L] %1 +1 x1 A
(Note 8) Off Channel = 0V
On Channel=0V ® =1 +1 +1 *A
Off Channel =5V
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AC CHARACTERISTICS pote 3 T-51-07-01
LTC1290B
LTC1280C
LTC1290D
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
fsik Shift Clock Frequency Voo =5V (Note 6) 0 20 MHz
facLK AID Clock Frequency Ve =5V (Note 6) (Note 10) 40 MHz
tace Delay Time from CS | 10 Doyy Data Valid (Note 9) 2 ACLK -
Cycles
tsmpL Analog Input Sample Time See Operating Sequence 7 SCLK
Cycles
toonv Conversion Time See Operating Sequence 52 ACLK
Cycles
tove Total Cycle Time See Operating Sequence (Note 6) 12SCLK + Cycles
56 ACLK
L) Delay Time, SCLK | to Dgyy Data Vatid See Test Circuits | LTC1200BC, LTC1290CC, | @ 130 220 ns
LTC1290DG, LTC1230Bl,
LTG1290C, LTG1290DI
LTC1290BM, LTC1290CM, | @ 180 270 ns
LTC1290DM
Lais Delay Time, CS 1 to Doy Hi-Z See Test Circuits ® 70 100 ns
ten Delay Time, 2nd ACLK | to Dgyr Enabled See Test Circuits ° 130 200 ns
thes Hold Time, CS After Last SCLK | VYoo =5V (Note 6) 0 ns
ol Hold Time, Dy After SCLK 1 Voo =5V (Note 6) 50 ns
thoo Time Output Data Remains Valid After SCLKI 50 ns
& Dgyr Fall Time See Test Gircuits [ 65 130 ns
t Dgyr Rise Time See Test Circuits [ 25 50 ns
teubt Setup Time, Dy Stable Before SCLK 1 Voo =5V (Note 6) 50 ns
tauls Setup Time, C5 | Before Clocking in First (Note 6 and 9) 2 ACLK Cycles
Address Bit +100ns
twHES CS High Time During Conversion Ve =5V (Note 6) 52 ACLK
Cycles
Cin Input Gapacitance Analog Inputs On Channel 100 pF
Off Channel 5 pF
Digital Inputs 5 pF

Note 1: Absolute maximum ratings afe those values beyond which the life
of a device may be impaired.

Note 2: Ail voltage values are with respect to ground with DGND, AGND,
and REF ~ wired together (unless otherwise noted).

Note 3: Voo =5V, Vrer + =5V, Vrgr ~ =0V, V™ =0V for unipolar mode and
-5V for bipolar mode, ACLK = 4.0MHz unless otherwise specified, The @
indicates specs which apply over the full operating temperature range; all
other limits and typicals Ty = 25°C.

Note 4: These specs apply for both unipolar and bipolar modes. In bipolar
mode, one LSB is equal to the bipolar input span (2Vpe) divided by 4096.
For example, when Vger = 5V, 1LSB (bipolar) = 2(5V)/4096 = 2.44mV.

Note 5: Integral non-linearity is defined as the deviation of a code from a
straight line passing through the actual endpoints of the transfer curve. The
deviation is measured from the center of the quantization band.

Note 6: Recommended operating conditions.

Note 7: Two on-chip diodes are tied to each reference and anatog input
which will conduct for reference or analog input voltages one diode drop
below V™ or one diode drop above V. Be careful during testing at low Vg

levels (4.5V), as high leve! reference or analog inputs {5V} can cause this in-
put diode to conduct, especially at elevated temperatures, and cause errors
for inputs near full scale. This spec atiows 50mV forward bias of either
diode. This means that as long as the reference or analog input does not ex-
ceed the supply voltage by more than 50mV, the output code wiil be correct.
To achieve an absolute OV to 5V input voltage range wiil therefore require a
minimum supply voltage of 4.950V over initial tolerance, temperature varia-
tions and loading.

Note 8: Channel leakage current is measured after the channel selection. '
Note 9: To minimize errors caused by noise at the chip select input, the in-
ternal circuitry waits for two AGLK falling edge after a chip select falling
edge is detected before responding to control input signals. Therefore, no
attempt should be made to ¢lock an address in or data out until the mini-
mum chip select setup time has elapsed.

Note 10: increased leakage currents at elevated temperatures cause the
S/H to droop, therefore it's recommended that facy 2 500kHz at 125°C,
facLk = 125kHz at 85°C, and fac k> 15kHz at 25°C.

LY IR
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LTC1290
DIGITAL AND DC ELECTRICAL CHARACTERISTICS oy ~ T—51-07-01

LTG1290B
LTG1290C
) LTC1290D

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vin High Level Input Voltage Vo = 5.25V [ ] 20 v
ViL Low Level Input Voltage Voo =4.75V ] 0.8 v
Im High Level Input Current Vin=Vee [ 25. pA
m Low Level input Current Vin=0V [ -25 pA
Vou High Level Output Voltage Vee=4.75V, lp = 10pA 47 ’ v
lp = 360uA ) 24 4.0. v
VoL Low Level OQutput Voltage Ve =4.75V, lp=1.6mA ® 0.4 v
oz Hi-Z Output Leakage Vour = Ve, CS High ° 3 pA
Vout = 0V, CS High [ -3 uA
Isource Output Source Gurrent Vour=0V - -20 mA
Isink Output Sink Current Vour =Vee 20 mA
lee Positive Supply Current CS High ® 6 12 mA
CS High, LTC12908C, LTC1290CC, | ® 5 10 uA

ggnlt?jrown LTC1290DC, LTC1290BI,

ACLK off LTC1290Cl, LTG1290DI
LTC1290BM, LTC1290CM, | @ 5 15 uA
LTC1290DM

IRer Reference Current VRer=8V . [ 10 50 A
r Negative Supply Current CS High . 1 .50 uA

TEST CIRCUITS

On and Off Channel Leakage Current

o ' SOLK 0.8V
1 I 400>

Voltage Waveforms for Dour Delay Time, t4po

ON
'_k[\-®— ON CHANNEL = 2.4v
—a | ouT - X —————— 0.4v
1 lor
s O Voltage Waveform for Doy Rise and Fall Times, t, &
heenendh.
J o 10
Zeounry |5 || CHANNELS Dour
L.
Load Circuit for tgis and ten Load Circuit for tapo, tr, and t¢
14
TEST
PO 5V° WAVEFORM 2 3k
%@
bt Dour TEST POINT
100pF A—_L WAVEFORM 1 10005
T ! "
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LTC1290

TEST CIRCUIT T=51=-07—01
RCUITS Voltage Waveforms for to, and tgis T=51-07-01

1 2

S\ o

Douy
WAVEFORM 1 . SF2av 90%
(SEE NOTE 1) / N
] gy fe— tgg—>  be—
'WAVEForEﬁUg e
{SEE NOTE 2) A 10%

NOTE 1. WAVEFORM 1 IS FOR AN QUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE OUTPUT IS HIGH UNLESS DISABLED BY THE QUTPUT CONTROL.
NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE QUTPUT IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL.

PIN FUACTIONS

# PIN FUNCTION DESCRIPTION -

1-8 CHO-CH? Analog Inputs The analog inputs must be free of noise with respect to AGND.

9 COM Common The common pin defines the zero reference point for all single ended inputs. It must be free of
noise and is usually tied to the analog ground plane.

10 DGND Digital Ground This is the ground for the internal logic. Tie to the ground plane.

1 AGND Analog Ground AGND should be tied directly to the anatog ground plane.

12 - Negative Supply Tie V™ to most negative potential in the circuit. (Ground in single supply applications.)

13,14 REF~,REF* | Reference Inputs The reference inputs must be kept free of noise with respect to AGND.

15 CS Chip Select Input Alogic low on this input enables data transfer.

16 Dour Digital Data Qutput The A/D conversion result is shifted out of this output.

17 Dip Data Input The A/D configuration word is shifted into this input.

18 SCLK Shift Clock This clock synchronizes the serial data transfer.

19 AGLK AID Conversion Clock | This clock controls the A/D conversion process.

20 Voo Positive Supply This supply must be kept free of noise and ripple by bypassing directly to the analog ground
plane.

BLOCK DIRGRAM

LI,
Ve 2 SC
Dy ] INPUT SHIFT OUTPUT SHIFTY_16
=== ReGISTER REGISTER ~Vour
1 SAMPLE
CHO s AND HOLD
CH1 -7
CH2 it
CH3 —=]  ANALOG
CHa —3d  INPUT 1;3;1
e
CHB = 12-BIT
H7 e CAPACITIVE
M3 DAC
COM ===
+_‘9 ACLK
10 1 |12 Iw 14
DGND AGND V- REF~ REF + CONTROL [ 15
AND p—3
TIMING

LY HIR
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LTC1290
TYPICAL PERFORMANCE CHARACTERISTICS T-51-07-01

T Unadjusted Offset Voltage vs
Supply Current vs Supply Voltage Supply Current vs Temperature Reference Voltage

S3E D WN 5518468 000LA7Y 382 LT

2% | I p, 10 09
o ACLK=4MHz | | __ gg | ]
2 _#AC}:'ES-O%MHZ // 9 Voo =5V & Veo=5V
T / z = 07
€ / E 38
g 1 8 \\ F|§
8 = 08 \
g & N @ Vios =0.250mV
= 14 « N <] 05
3 3 6 N = N
< = NN 2 04
g0 7 g s h 5 1N Y
] V. > ‘\\\ E’ 03 N N
pd |2 Vos=025mV ||
[ - &
/] 4 S o ~]
2 = 3 : 01
4 6 8 10 -80-30 -10 10 30 50 70 9% 10 130 1 2 3. 4 5
SUPPLY VOLTAGE, Vco (V) AMBIENT TEMPERATURE, T {°C) REFERENCE VOLTAGE, VRer (V}
Change in Linearity vs Reference Change in Gain Error vs Reference Change in Offset Error vs
Voltage Voltage Temperature
125 0 & 05
BN —1 | 2 NN
E Voo=5V % N L & Veo=5Y
% 100 =01 & 04 Vegr=5V —f
- § Voo =5V S ACLK = 4MHz
"|§ & w
4 om g -0 2 03
«a < x
= [=] o
] & 5
£ 050 = S 03 2 02
& N z 5
E \ .8 i //
8 02 = W -04 B o e
S 2 2 Ve
o | = =
3 & Ve
© =
0 -05 - =0 -
0 1 2 3 4 5 1 2 3 4 5 -5 -3 -10 10 30 5 70 90 110 130
REFERENCE VOLTAGE, VRer (V) REFERENCE VOLTAGE, VRer (V) AMBIENT TEMPERATURE, Ta (°C}
Change in Linearity Errorvs Change in Gain Error vs Maximum ACLK Frequency vs
_ Temperature . Temperature Source Resistance
a
2% 1 " T 1 ’ [T
=] g -
= Vo= = Veo=5V s Veg=5v
5 08 VRer =5V Z VRep=5V £, VRer=5V | |
-Z:, ACLK = 4MH; ‘:5' . ACLK = 4MHz & N\ TA=25°C
of 04 pr 2 \ | ' |
g 2 2 3
= -
3 0 5 £ \ T
= o
£ 3 12 g 2 \ i -
2 02 8 / = -l-—AMr—
w = /| = .
" 0l E o , » 21
a0 Ll & o = ™
2 A L1 = ™= /
3 0 0 0
§ -5 -30-10 10 30 5 70 9 110 130 -50 -30 ~10 10 30 5 70 9% 110 130 100 1k 10k 100k
AMBIENT TEMPERATURE, T (°C) AMBIENT TEMPERATURE, T4 (°C) Rsource- @

“MAXIMUM ACLK FREQUENCY REPRESENTS THE ACLK
FREQUENCY AT WHICH A 0.1LSB SHIFT IN THE ERROR AT
ANY CODE TRANSITION FROM ITS 4MHz VALUE IS FIRST
DETECTED.
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LTC1290

TYPICAL PERFORMANCE CHRRACTERISTICS T-51-07-01
Maximum Filter Resistor vs Cycle Sample and Hold Acquisition Supply Current (Power Shutdown)
Time Time vs Source Resistance vs Temperature
10k 00
‘ e ] " [T kcixork QotmarowER From
Veo=5v 9
g Ta=25°C .
N = OV TO S5V INPUT STEP | C 8
g = 3 SOURCE + [~ % 7
b ; =] I~ Vi A= + s N
-é T " E ol % [ =y
s "FIT : . T
§ ] " RFILTER % = > g \
0 = Crlmznzm:—_g- _ :;: R ] 3 .
i "1 . ? i
10 100 1k 10k 100 1k 10k -50 ~30 ~10 10 30 50 70 9% 110 130
" CYCLETIME, tevc (us) RSOURCE + () AMBIENT TEMPERATURE, Ta (°C)
**MAXIMUM RriLter REPRESENTS THE FILTER RESISTOR VALUE
ATWHIGCH A 0.1LSB CHANGE IN FULL-SCALE ERROR FROM
TS VALUE AT RriLrer=01S FIRST DETECTED.
Supply Current (Power Shutdown) Input Channel Leakage Current vs
vs ACLK Temperature Noise Emor vs Reference Voltage
B 1] I 1000 | | | 225 | l l
180 XQIA[:():SEV ] z 900 GUARANTEED —] 200 } t 1
w0 oS I % a0 é s LTC1200 NOISE = 200,Vp-p
%140 g 0 ém
g g %0 5125
g = 3 0 2 10
3 — = £
R A g £ ors
) e € 050 ™
© =4 5 0 ONCHANNEL ™| & ~
w1 % OFF CHANNEL 025 '
Z 0 [ | 0
0 100 200 3.00 400 -50 -3¢0 -10 10 30 5 70 9% 110 130 0 4 5
ACLK FREQUENCY (MHz} AMBIENT TEMPERATURE, Ta (°C} REFERENCE VOLTAGE, VRer (V)
The LTC1290 is a data acquisition component which con-  DIGITAL CONSIDERATIONS
tains the following functional biocks: .
Serial Interface
1. 12-bit successive approximation capacitive A/D The LTC1290 communicates with microprocessors and
converter : other external circuitry via a synchronous, full duplex, four
2. Analog multiplexer (MUX) wire serial interface (see Operating Sequence). The shift
3. Sample and hold (S/H) clock (SCLK) synchronizes the data transfer with each bit
4, Synchronous, full duplex serial interface being transmitted on the falling SCLK edge and captured
5. Control and timing logic on the rising SCLK edge in both transmitting and receiving

systems. The data is transmitted and received simultane-
ously (full duplex).
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APPLICATIONS INFORMATION

Data transfer is initiated by a falling chip select (CS)
signal. After the falling CS is recognized, an 8-bit input
word is shifted into the Dyy input which configures the
LTC1290 for the next conversion. Simultaneously, the re-
sult of the previous conversion is output on the Doyr line.
At the end of the data exchange the requested conversion
begins and CS should be brought high. After tcony, the
conversion is complete and the results will be available on
the next data transfer cycle. As shown below, the result of
a conversion is delayed by one CS cycle from the input
word requesting it.

ow
Dour [DoyrWord0 | Doyr Word 1
Data ‘ﬁ%" Data tﬁg"
Transfer Conversion | Transfer Conversion
Input Data Word

The LTC1290 eight bit data word is clocked into the Dy in-
put on the first eight rising SCLK edges after chip select is

T=51~07-01

recognized. Further inputs on the Dy pin are then ignored
until the next CS cycle. The eight bits of the input word are
defined as follows: '

Unipolar/ Word

Bipolar Length
SGL/ | ODD/ [SELECT[SELECT :
BiFE | sien |1 o | UNI | MSBF | WL1 | WL
MUX Address _MSB First/
L.SB First
MUX Address

The first four bits of the input word assign the MUX
configuration for the requested conversion. For a given

channel selection, the converter will measure the voltage
between the two channels indicated by the + and - signs’
in the selected row of the following table. Note that in dif-

ferential mode (SGL/DIFF = 0) measurements are limited
to- four adjacent input pairs with either polarity. In single

_ended mode, all input channels are measured with respect

to COM.

Operating Sequence
(Example; Differential inputs (CH3-CH2), Bipolar, MSB First and 12-Bit Word Length)

1,
CYC

[t12]sfals|s]7]s]|s]n]n|n]

WS 7
| |~—15Mp‘_——|-—lcouv———’|

Dour B11|610] B9 | B3 | B7 | B6 { BS | B4 | B3 | 82| B1 | B0

| SHIFT CONFIGURATION
WORD IN

58) SHIFT A/D RESULT OUT AND I
NEW CONFIGURATION WORD IN

6-74
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APPLICATIONS INFORMATION

T-51-07-01
Table 1. Multiplexer Channei Selection _ h
MUX ADDRESS DIFFERENTIAL CHANNEL SELECTION MUX ADDRESS SINGLE ENDED CHANNEL SELECTION
SGL/ | ODD/ | SELECT SGL/ | ODD! | SELECT
DIFF [SIGN |1 0 1/2 /314|567 DIFF [SIGN [1 0 1/2[3]{4|5]|6 7] COM
0 0 o o - 1 0 jo o =
0 0 {0 + | - 1 0 [0 1 + -
0 0 1 0 + | - 1 ¢ |1 0 + -
0 0 |1 1 + | - 1 0 [1 1 + -
0 1 0 0l -1+ 1 1 ]0 0 + -
0 1 0 1 -1+ 1 t |0 1 + -
0 I -+ 1 110 + -
0 1 (1 1 HEE 1 111 +] -
4 Differential 8 Single Ended Combinations of Differential and Single Ended
CHANNEL CHANNEL CHANNEL
— () 0 = + —1
0.1{__(“ — 0,13___
2 ]
—— () ) —
2,3{__(+) 3:: 2,3%_“+
—] i+ (=) §e=—+ 4t
4'5{———(+) § ——t + 5 m— +
: e B 6 om—
67 {—-— + (=) 7 et +
V| — () r—lCOM(—) rCDM(—)

Changing the MUX Assignment “On the Fly”

5.4 .

———

6 +
7 +
COM (UNUSED) COM (-)
- 18T CONVERSION = 2ND CONVERSION

Figure 1. Examples of Mulliplexer Options on the LTC1290
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HPPLICI-’ITIOIIS INFORMATION
UnipolarfBipolar (UNI)

The fifth input bit (UNI) determines whether the conversion
will be unipolar or bipolar. When UNI is a logical one, a
unipolar conversion will be performed on the selected in-
put voitage. When UNI is a logical zero, a bipolar conver-
sion will result. The input span and code assignment for
each conversion type are shown in the figures below.

Unipolar Transfer Curve (UNI =1)

111111111111
111111111110

L

<
ﬁ [ I ——

000000000001
000000000000 1 Vin
o LS8 Vaer—2L5B!
VREFI—‘ILSB
Bipolar Transfer Curve (UNI =0)
[ORSARRARRRAE o
[URRRRRRARAITE o
~Vigr +1LSB 00000000000t |
Vg 000000000000\_

A i I i
T

T
T+ 1t
T 111111111110

[}
|
i
|
t
t
|
i
I
1
i
1

-1 100000000001
-1 100000000000

T=51-0 7~01
Unipolar Output Code (UNI = 1)
INPUT VOLTAGE
OUTPUT CODE INPUT VOLTAGE (Veer=5V) -
111111111111 Vaer - 1LSB 49088V
111111111110 Vrer - 2LSB 49976V

. L] .

* L] *

L ] L ] .
000000000001 1LSB 0.0012v
000000000000 -V ov

Bipolar Output Code (UNI=0)
INPUT VOLTAGE
OUTPUT CODE INPUT VOLTAGE (Vrer=5V)
011111111111 Vaer— 1LSB 49976V
011111111110 Vaer— 2LSB 49851V

L[] L ] L]

L] L L]

L] L] »
000000000001 1LSB 0.0024V
000000000000 o ov
11111111111 -1LSB —0.0024v

111111111110 -2.58 —0.0048V

L] L ] L]

L ] L ] *

L ] L ] *
100000000001 - (Vpgr) +1LSB -4.9076V
100000000000 - (Vaep) -5.0000V

1
{
1 {
[
VREFiZLSBE Vaer v
VREF—IjLSB
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APPLICATIONS INFORMATION
MSB First/LSB First Format (MSBF)

The output data of the LTC1290 is programmed for MSB
first or LSB first sequence using the MSBF bit. For MSBF
first output data the input word clocked to the LTC1290
should always contain a logical one in the sixth bit loca-
tion (MSBF bit). Likewise for LSB first output data the in-
put word clocked to the LTC1290 should always contain a
zero in the MSBF bit location. The MSBF bit affects only
the order of the output data word. The order of the input
word is unaffected by this bit.

transfer cycle, the word length should be made equal to
the number of SCLK cycles sent by the MPU. Power down
will occur when WL1=0 and WLO=1 is selected. The pre-
vious conversion result will be clocked out as a 10-bit word
so a “dummy” conversion is required before powering
down the LTC1290. Conversions_are resumed once CS
goes low or an SCLK is applied, if CS is already low.

OUTPUT WORD LENGTH

MSBF OUTPUT FORMAT
0 LSB First
1 MSB First

Word Length (WL1, WLO) and Power Shutdown

The last two bits of the input word (WL1 and WLO) program
the output data word length and the power shutdown fea-
ture of the LTG1290. Word lengths of 8, 12 or 16-bits can be
selected according to the following table. The WL1 and
WLO bits in a given Dy word control the length of the pre-
sent, not the next, Doyr word. WL1 and WLO are never
“don’t cares” and must be set for the correct Doyt word
fength even when a “dummy” Dy word is sent. On any

Low CS Recognized Internatly

Hi-Z
Dour ——-———( VALID OUTPUT

WL1 WLO
0 0 '8-Bits
0 1 Power Shutdown
1 0 12-Bits
1 1 16-Bits
Deglitcher

A deglitching circuit has been added to the Chip Select in-
put of the LTC1280 to minimize the effects of errors
caused by noise on that input. This circuit ignores
changes in state on the CS input that are shorter in dura-
tion than one ACLK cycle. After a change of state on the
CS input, the LTC1290 waits for two falling edge of the
AGLK before recognizing a valid chip select. One indica-
tion of CS recognition is the Doyr line becoming active
(leaving the Hi-Z state). Note that the deglitching applies
to both the rising and falling CS edges.

High CS Recognized Intemally

Dour  VALID QUTPUT )

Yo i
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8:Bit Word Length

T-51-07-01

&\

ML

L Toonv

SCLK . I1|I|||I

(SB)

D THE LAST FOUR BITS
MSB FIRGT B11 B0 ) B9 | BB | B7 | BS BS|B4 ARE TRUNGATED
Dgyr
LB AT go | [e2)es|ea]es 6|7
12-Bit Word Length

s\

SCLK Hllll”

(SB)
Daur prifBloBo|Be|be7)Be B5|Bs]|Ba]B2fB1] om0
MSB FIRST
(58)
Dot go|BifgB2fB3|ea]ns ee|er|ss|sofen|en
LSB FIRST
16-Bit Word Length
:be'L } :WNV
SCLK |1| I | I I I 12 16
(SB)
Dour FILL
MSB FIRST Br1]Bw|Ba|Be|e7f§es 85| Bs|B3fB2] Bt]Bo| zemoes
{S8)
LSBF?,?;’{ Bo{Bt]e2|6s]se|Bs 86|67 6s]Ba|ew]bn o *

*IN UNIPOLAR MODE, THESE BITS ARE FILLED WITH ZEROES.
IN BIPOLAR MODE, THE SIGN BIT IS EXTENDED INTQ THESE LOCATIONS.

Figure 2. Data Output (Doyr) Timing with Different Word Lengths
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CS Low During Conversion

In the normal mode of operation, CS is brought highduring ~ must remain low during the conversion as shown in the
the conversion time. The serial port ignores any SCLK  following figure. After the conversion is complete, the
activity while CS is high. The LTC1290 will also operate  Doyr line will become active with the first output bit. Then
with CS low during the conversion. In this mode, SCLK  the data transfer can begin as normal.

SHIFT T aBTO 52
|~-Mux ADDRESS SAMPLE ANALOG————+|  ACLKCYC  fe————— Aﬁg'ﬂvﬁbubﬂggm—————ﬂ
_ N INPUT ;
s | . I | |

WA TR | I
Doyt B11]B10{ B9 { B8 | B7 | B6 BS | B4 | B3|B2 | B1]B0 B11]|Bio| B3| B8 B7|B6[B5]B4 B3 }B2]B1}|BO

Figure 3. CS High During Conversion

SHIFT tsupL -
fooies sl 2102 | swewon
- _I iN INPUT
cs 2 L

| SCLK MUST

Dour B11jB10| 89 | B8 §B7 |B6 B5]B4 | B3] B2 [B1]BO B11|B10] B3 | B8 B7 §B6{B5|B4|B3}B2|B1]BO

o

Figure 4. CS Low During Conversion
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Microprocessor Interfaces

The LTC1290 can interface directly (without external hard-
ware) to most popular microprocessor (MPU) synchronous
serial formats (see Table 2). If an MPU without a serial in-
terface is used, then 4 of the MPU’s parallel port lines can
be programmed to form the serial link to the LTG1290. In-
cluded here are two serial interface examples and one
example showing a parallel port programmed to form the
serial interface.

Table 2. Microprocessors with Hardware Serial
Interfaces Compatible with the LTC1290**

PART NUMBER | TYPE OF INTERFACE
Motorola
MC680552, S3 SPl
MC68HC11 SPI
MC68HC05 SPI
RCA '
CDP88HC05 | sn
Hitachi
HD6305 SCI Synchronous
HD6301 SCI Synchronous
HD63701 SCl Synchronous
HD6303 SCI Synchronous
HD64180 SCI Synchronous
National Semiconductor
COP400 Family MICROWIREt
COP800 Famity MICROWIRE/PLUSYT
NS8050U MICROWIRE/PLUS
HPG16000 Family MICROWIRE/PLUS
Texas Instruments
TMS7002 Serlal Port
TMS7042 Serial Port
TMS70002 Serlal Port
TMS70C42 Serial Port
TMS32011* Serlal Port
TMS32020* Serial Port
TMS370C050 SPI

*Requires external hardware
**Contact factory for interface information for processors not on this list
tMICROWIRE and MICROWIRE/PLUS are trademarks of National
Semiconductor Corp.

Serial Port Microprocessors

Most synchronous serial formats contain a shift clock
(SCLK) and two data lines, one for transmitting and one for

T-51-07-01

receiving. In most cases data bits are transmitted on the
falling edge of the clock (SCLK) and captured on the rising
edge. However, serial port formats vary among MPU man-
ufacturers as to the smallest number of bits that can be
sent in one group (e.g., 4-bit, 8-bit or 16-bit transfers). They
also vary as to the order in which the bits are transmitted
(LSB or MSB first). The following examples show how the
LTC1280 accommodates these differences.

National MICROWIRE {COP402)

The COP402 transfers data MSB first and in 4-bit incre-
ments (nibbles). This is easily accommodated by setting
the LTC1290 to MSB first format and 12-bit word length.
The data output word is then received by the COP402 in
three 4-bit blocks.

Hardware and Software Interface to COP402 Processor

ANALOG
INPUTS

Doyt from LTC1290 stored in COP402 RAM
MSBt

LSB

B3 B2 B1 BO third 4 bits

1B11is MSB in unipolar or sign bit in bipotar

Location $13 first 4 bits

Location $14 second 4 bits

Location $15

6-80
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COP402 Code

MNEMONIC COMMENTS
CLRA MUST BE FIRST INSTRUCTION
L8l 1,0 BR=1BD=0INITIALIZE B REG.
ST 8 FIRST Djy NIBBLE IN $10
STl E SECOND Dy NIBBLE IN §11
STIl 0 NULLDATAIN$12,B=$13
LEl c SETENTO(1100) BIN

LooP  SC CARRY SET

D 10 LOAD FIRST Dy NIBBLE IN ACC
oGl 0 G0 (CS) CLEARED

XAS ACC TO SHIFT REG. BEGIN SHIFT

LDt LOAD NEXT Dy NIBBLE IN ACC
NOP TIMING
XAS NEXT NIBBLE, SHIFT GONTINUES
X0 FIRST NIBBLE Dgy; TO$13
b 12 PUT NULL DATA IN ACC
XAS SHIFT CONTINUES, Doyr TO ACC
X$ 0 NEXT NIBBLE Doyr TO $14
RC CLEAR GARRY
CLRA CLEARACC
XAS THIRD NIBBLE Dyy TO ACC
oGl 1 G0{CS) SET
Xs 0 THIRD NIBBLE Doy TO$15
Bl 13 SET B REG. FOR NEXT LOOP
Motorola SPI {(MC68HC05C4)

The MC68HCO05C4 transfers data MSB first and in 8-bit in-
crements. Programming the LTG1290 for MSB first format
and 16-bit word length allows the 12-bit data output to be
received by the MPU as two 8-bit bytes with the final 4 un-
used bits filled with zeroes by the LTC1290.

Hardware and Software Interface to Motorola MC68HC05C4
Processor

LTC1290

MCE8HC05C4

Co

ANALOG Sek

INPUTS MOSI

MISO

T-51-07-01
Doyt from LTC1290 stored in MC68HC05C4 RAM

MSB* ,
[B11B10B9 BB B7 B8 BS B4| byte 1

Location $61

Location $62 LSB
| B3B2B1BO 0 0 0 0 | byte?

*B11is MSB in unipolar or sign bit in bipolar

MCE8HC05C4 Code
MNEMONIC COMMENTS

LDA  #$50 CONFIGURATION DATA FOR SPCR
STA $0A LOAD DATA INTO SPCR ($0A}
LDA  #$FF | CONFIG. DATAFORPORT CDDR
STA $06 LOAD DATA INTO PORT C DDR
LDA  #30F LOAD LTC1290 Dy, DATA INTO ACC
STA $50 LOAD LTC1280 Dy DATA INTO $50

START BCLR 0$02 | COGOESLOW [CSGOESLOW)
LDA  $50 LOAD Dy INTO ACC FROM $50
STA $0C LOAD Dyy INTO SPL. START SCK
NOP SNOPsFORTIMING -
LDA  $0B CHECK SPI STATUS REG
LDA  §0C LOAD LTC1290 MSBs INTO AGC
STA $61 STORE MSBs IN $61
STA $0C START NEXT SPI CYCLE
NOP 6 NOPs FORTIMING
BSET 0302 | COGOESHIGH (CSGOES HIGH)
LDA  $0B CHECK SPI STATUS REGISTER
LDA  $0C LOAD LTC1290 LSBs INTO ACC
STA §62 STORE LSBs IN $62

Parallel Port Microprocessors

When interfacing the LTC1290 to an MPU which has a
parallel port, the serial signals are created on the port with
software. Three MPU port lines are programmed to create
the CS, SCLK and Dyy signals for the LTC1290. A fourth
port line reads the Doyt line. An example is made of the
intel 8051/8052/80C252 family.

ol
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Intel 8051 8051 Code
To interface to the 8051, the LTC1290 is programmed for MNEMONIC COMMENTS
MSB first format and 12-bit word length. The 8051 gener- B prdom ) B RO SETASINPUT
ates CS, SCLK and Dyy on three port lines and reads Doyt SETB P14 G5 GOES HIGH
on the fourth. CONT MOV A #0EH Dy WORD FORLTC1290
CLR  Pl4 TS GOES LOW
MOV R4, #08H LOAD COUNTER
Hardware and Software Interface to Intel 8051 Processor NOP DELAY FOR DEGLITGHER
LOOP MOV  C,P11 READ DATA BIT INTO CARRY
RLC A ROTATE DATA BIT INTO ACC
8051 MOV  P12,C OUTPUT Dy BIT TOLTC1290
- SETB P13 SCLK GOES HIGH
CLR P13 SCLK GOES LOW
P12 DJNZ R4LOOP | NEXTBIT
ANALDS MOV R2,A STOREMSBs IN R2
NeuTS ) ¢ P MOV G,P1.1 READ DATA BIT INTO CARRY
- CLR A CLEARACC
RLC A ROTATE DATA BIT INTO ACC
ALE SETB P13 SCLK GOES HIGH
CLR P13 SCLK GOES LOW
MOV P11 READ DATA BIT INTO CARRY
; RLC A ROTATE DATA BIT INTO ACC
Doy from LTC1290 stored in 8051 RAM SETB P13 SCLK GOES HIGH
, CLR P13 SCLK GOES LOW
MSB MOV  C,PLi READ DATA BIT INTO CARRY
R2 ‘ B11 B10 B9 B8 B7 B6 B5 54 ’ RC A ROTATE DATA BIT INTO ACC
SETB P13 SCLK GOES HIGH
LSB CIR P13 SCLK GOES LOW
R3 l B3B2B1B0 0 0 0 0 [ MOV  C,PL1 READ DATA BIT INTO CARRY
RRC A ROTATE RIGHT INTO ACC
RRC A ROTATE RIGHT INTO ACC
*B11is MSB in unipolar o sign bit In bipolar - RRG A ROTATE RIGHT INTO ACC
RRC A ROTATE RIGHT INTO ACC
MOV R3A STORELSBs IN R3
SETB P13 SCLK GOES HIGH
CLR P13 SCLK GOES LOW
SETB P14 S GOES HIGH
MOV RS, %0BH LOAD COUNTER
DELAY DJNZ R5DELAY | GOTODELAYIFNOTDONE
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|
0

o e
OUTPUT PORT*
SERIAL DATA

IWIRE SERIAL

MPU

» INTERFACE TO OTHER
PERIPHERALS ORLTC1290s

8 CHANNELS

8 CHANNELS

8 CHANNELS

Figure 5. Several LTC1290s Sharing One 3 Wire Serial Interface

Sharing the Serial Interface

The LTC1290 can sharé the same 3 wire serial interface
with other peripheral components or other LTC1290s (see
Figure 5). In this case, the CS signals decide which
LTC1290 is being addressed by the MPU.

ANALOG CONSIDERATIONS
1. Grounding

The LTC1290 should be used with an analog ground plane
and single point grounding techniques.

Pin 11 (AGND) should be tied directly to this ground plane.

Pin 10 (DGND) can also be tied directly to this ground
plane because minimal digital noise is generated within
the chip itself.

Pin 20 (V¢c) should be bypassed to the ground plane with a
22,F tantalum with leads as short as possible. Pin 12 (V™)
should be bypassed with a 0.14F ceramic disk. For single
supply applications, V= can be tied to the ground plane.

Itis also recommended that pin 13 (REF ~) and pin 9 (COM)
be tied directly to the ground plane. All analog inputs
should be referenced directly to the single point ground.
Digital inputs and outputs should be shielded from andlor
routed away from the reference and analog circuitry.

Figure 6 shows an example of an ideal ground plane de-
sign for a two sided board. Of course this much ground
plane will not always be possible, but users should strive
to get as close to this ideal as possible.

Figure 6. Example Ground Plane for the LTC1290

2. Bypassing

For good performance, Vg must be free of noise and rip-
ple. Any changes in the Vg voltage with respect to analog
ground during a conversion cycle can induce errors or
noise in the output code. Vec noise and ripple can be kept
below 0.5mV by bypassing the Vg pin directly to the ana-
log ground plane with a 22F tantalum capacitor and leads
as short as possible. The lead from the device to the Vee

Yo glie
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supply should also be kept to a minimum and the Vg sup-
ply should have a low output impedance such as that
obtained from a voltage regulator (e.g. LT323A). Figures 7
and 8 show the effects of good and poor Vg bypassing.

VERTICAL: 0.5mv/DIV

HORIZONTAL: 104s/DIV

Figure 7. Poor V¢ Bypassing. Nolse and Ripple
Can Cause A/D Errors

VERTICAL: 0.5mV/DIV

" HORIZONTAL: 1055/DIV

Figure 8. Good V. Bypassing Keeps Noise and Ripple
on V¢ Below 1m%

3. Analog Inputs

Because of the capacitive redistribution AID conversion
~ techniques used, the analog inputs of the LTG1290 have
capacitive switching input current spikes. These current
spikes settle quickly and do not cause a problem.
However, if large source resistances are used or if slow
settling op amps drive the inputs, care must be taken to in-
sure that the transients caused by the current spikes set-
tle completely before the conversion begins.

Source Resistance

The analog inputs of the LTC1290 look like a 100pF capaci-
tor (Cin) is series with a 5000 resistor (Roy) as shown in

Figure 9. Ciy gets switched between the selected “ +” and .,

“~" inputs once during each conversion cycle. Large ex-
ternal source resistors and capacitances will slow the set-

T-51-07-01

tling of the inputs. It is important that the overall RC time
constants be short enough to allow the analog inputs to
completely settie within the allowed time.

“+” Input Settling

This input capacitor is switched onto the “ + " input during
the sample phase (tsmpL, see Figure 10). The sample phase
starts at the 4th SCLK cycle and lasts until the falling edge
of the last SCLK (the 8th, 12th or 16th SCLK cycle depen-
ding on the selected word length). The voltage on the “ +”
input must settle completely within this sample time. Mini-
mizing Rsource* and C1 will improve the input settling
time. If large “+” input source resistance must be used,
the sample time can be increased by using a slower SCLK
frequency or selecting a longer word length. With the mini-
mum possible sample time of 2, Rsoypce* <1k and
C1<20pF will provide adequate settling.

“=" Input Settling

At the end of the sample phase the input capacitor
switches to the “~ " input and the conversion starts (see
Figure 10). During the conversion, the “ + " input voltage is
effectively “held” by the sample and hold and will not af-
fect the conversion result. However, it is critical that the
“~" input voltage be free of noise and settle completely
during the first four ACLK cycles of the conversion time.
Minimizing Rsource ™ and G2 will improve settling time. If
large "' - input source resistance must be used, the time
allowed for settling can be extended by using a slower
ACLK frequency. At the maximum ACLK rate of 4MHz,
Rsource ™ <2502 and C2<20pF will provide adequate
setiling.

Figure 9. Analog Input Equivalent Circuit
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Input Op Amps

When driving the analog inputs with an op amp it is im-
portant that the op amp settle within the allowed time {see
Figure 10). Again, the “+” and “~ " input sampling times
can be extended as described above to accommodate
slower op amps. Most op amps including the LT1006 and
LT1013 single supply op amps can be made to settle well
even with the minimum settling windows of 2us (“+”
input) and 1ps (“~" input) which occur at the maximum
clock rates (ACLK =4MHz and SCLK =2MH2). Figures 11
and 12 show examples of adequate and poor op amp
settling.

RC Input Filtering

It is possible to filter the inputs with an RC network as
shown in Figure 13. For large values of Cr (e.g., 1¢F), the
capacitive input switching currents are averaged into a
net DC current. Therefore, a filter should be chosen with a
- small resistor and large capacitor to prevent DC drops
across the resistor. The magnitude of the DC current is ap-
proximately Ipc = 100pF x Vintoye and is roughly propor-
tional to Vin. When running at the minimum cycle time of
20us, the input current equals 25pA at Viy=5V. In this
case, a filter resistor of 50 will cause 0.1LSB of full-scale
error. If a larger filter resistor must be used, errors can be
eliminated by increasing the cycle time as shown in the
typical curve of Maximum Filter Resistor vs Cycle Time.

Figure 11, Ad

Figure 12,

T-Si-ﬂ?-m

VERTICAL: 5SmV/DIV

HORIZONTAL: 500ns/DIV

equate Settling of Op Amps Driving Analog Input

VERTICAL: S5mV/DIV

HORIZONTAL: 20s/DWV

Poor Op Amp Settling Can Cause A/D Errors

l
RELTER —
VA 2

v,
IN

__[ CriLTer

Figure 13. RC Input Filtering

* 4" INPUT MUST
SAMPLE i E DURING THIS TIME 1O
- MUX ADDRESS N
~ SHIFTED IN SMPL
Eg I 00 l
SCLK 1 2 3 4 cee |«— LAST SCLK (8TH, 12TH OR 16TH DEPENDING ON WORD LENGTH)
ACLK L lll'l 1 2 3 4 see
1T BIT |
N TEST
**—*" INPUT MUST SETTLE
DURING THIS TIME
4" INPUT r

H="" INPUT

N

Figure 10. “+"” and “~” Input Settling Windows

LTI
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Input Leakage Current pled and held and therefore may be rapidly time varying

Input leakage currents can also create errors if the source
resistance gets too large. For instance, the maximum in-
put leakage specification of 1zA (at 125°C) flowing
through a source resistance of 1k will cause a voltage
drop of 1mV or 0.8LSB. This error will be much reduced
at fower temperatures because leakage drops rapidly
(see typical curve of Input Channel Leakage Current vs
Temperature).

Noise Coupling into Inputs

High source resistance input signals (>5000) are more
sensitive to coupling from external sources. It is prefer-
able to use channels near the center of the package (i.e.,
CH2-CH7) for signals which have the highest output re-
sistance because they are essentially shielded by the pins

* on the package ends (DGND and CHO) Grounding any un-
used inputs (especially the end pin, CHO) will also reduce
outside coupling into high source resistances.

4. Sample and Hold
Single Ended Inputs

The LTC1290 provides a builtin sample and hold (S&H)
function for all signals acquired in the single ended mode
(COM pin grounded). This sample and hoid allows the
LTC1290 to convert rapidly varying signals {see- typical
curve of S&H Acquisition Time vs Source Resistance). The
input voltage is sampled during the tsmpL time as shown in
Figure 10. The sampling interval begins after the fourth
MUX address bit is shifted in and continues during the
remainder of the data transfer. On the falling edge of the
final SCLK, the S&H goes into hold mode and the conver-
sion begins. The voltage will be held on either the 8th, 12th
or 16th falling edge of the SCLK depending on the word
length selected.

Differential Inputs

With differential inputs or when the COM pin is not tied to
ground, the AID no longer converts just a single voltage
but rather the difference between two voltages. In these

cases, the voltage on the selected “+” input is still sam-

just as in single ended mode. However, the voltage on the
selected “~ " input must remain constant and be free of
noise and fipple throughout the conversion time. Other-
wise, the differencing operatlon may not be performed
accurately. The conversion time is 52 ACLK cycles. There-
fore, achange inthe “ - Input voltage during this interval
can cause conversion errors. For a sinusoidal voltage on
the “ - " input this error would be;

VeRROR (MAX) = VPEAK X 2X T X f{"* = ") X 52/facLk

Where (- ") is the frequency of the “~" input voltage,
Vpeak is its peak amplitude and facyk is the frequency of
the ACLK. In most cases Vergor will not be significant.
For a 60Hz signal on the “~" input to generate a 1/4LSB
error (300xV) with the converter running at ACLK =4MHz,
its peak value would have to be 61mV.

5. Reference Inputs

The voltage between the reference inputs of the LTC1290
defines the voltage span of the AID converter. The refer-
ence inputs will have transient capacitive switching cur-
rents due to the switched capacitor conversion technique
(see Figure 14). During each bit test of the conversion
{every 4 ACLK cycles), a capacitive current spike will be
generated on the reference pins by the A/D. These current
spikes settle quickly and do not cause a problem.
However, if slow settling circuitry is used to drive the refer-
ence inputs, care must be taken to insure that transients
caused by these current spikes settle completely during
each bit test of the conversion.

[ iz}
L EVERY 4 ACLK CYCLES
Rour S Roy
= VReF  REF- \

1 T ;r 8pF-40pF

LTC1290

Figure 14. Reference Input Equivalent Circuit

6-86

LT UER




LINEAR TECHNOLOGY CORP

53E

D W 55184k8 0DOL9EY 803 MLTC

LTC1290

APPLICATIONS INFORMATION

When driving the reference inputs, two things should be
kept in mind:

1. Transients on the reference inputs caused by the
capacitive switching currents must settle completely
during each bit test (each 4 ACLK cycles). Figures 15
and 16 show examples of both adequate and poor set-
tling. Using a slower ACLK will allow more time for the
reference to settle. However, even at the maximum
ACLK rate of 4MHz most references and op amps can
be made to settle within the 14 bit time. For example
the LT1027 will settle adequately or with a 10xF bypass
capacitor at REF* the LT1021 can also be used.

2. It is recommended that the REF ~ input be tied directly
to the analog ground plane. If REF - is biased at a volt-
age other than ground, the voltage must not change
during a conversion cycle. This voltage must also be
free of noise and ripple with respect to analog ground.

_ VERTICAL: 0.5mV/DIV

HORIZONTAL: 14s/DIV

Figure 15. Adequate Reference Settling

VERTICAL: 0.5mV/DIV

HORIZONTAL: 1us/DIV

Figure 16. Poor Reference Settling Can Cause A/D Ervors

T-51-0 7-01
6. Reduced Reference Operation

The effective resolution of the LTC1290 can be increased
by reducing the input span of the converter. The LTC1290
exhibits good linearity and gain over a wide range of refer-
ence voltages (see typical curves of Linearity and Gain
Error vs Reference Voltage). However, care must be taken
when operating at low values of Vrer because of the re-
duced LSB step size and the resulting higher accuracy re-
quirement placed on the converter. The following factors
must be considered when operating at low Vpgr values.

1. Offset
2. Noise

Offset with Reduced Vngi:

The offset of the LTC1290 has a larger effect on the output
code when the AID is operated with reduced reference
voltage. The offset (which is typically a fixed voltage) be-
comes a larger fraction of an LSB as the size of the LSB is
reduced. The typical curve of Unadjusted Offset Error vs
Reference Voltage shows howoffset in LSBs is related to
reference voltage for a typical value of Vog. For example, a
Yos of 0.1mV which is 0.1LSB with a 5V reference be-
comes 0.4LSB with a 1.25V reference. If this offset is unac-
ceptable, it can be corrected digitally by the receiving
system or by offsetting the “ ~ " input to the LTC1290.

Noise with Reduced VREF

The total input referred noise of the LTC1290 can be re-
duced to approximately 2004V 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 5V reference but will become a
larger fraction of an LSB as the size of the LSB is reduced.
The typical curve of Noise Error vs Reference Voltage
shows the LSB contribution of this 200V of noise.

For operation with a 5V reference, the 200xV noise is only
0.16LSB peak-to-peak. In this case, the LTG1290 noise will
contribute virtually no uncertainty to the output code.
However, for reduced references, the noise may become a
significant fraction of an LSB and cause undesirable jitter

LT
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in the output code. For example, with-a 1.25V reference,

this same 200,V noise is 0.64LSB peak-to-peak. This will

reduce the range of input voltages over which a stable out-
“put code can be achieved by 0.64LSB. In this case averag-

ing readings may be necessary.

This noise data was taken in a very clean setup. Any setup
induced noise (noise or ripple on Vg, Vrer, Vinor V=) will
add to the internal noise. The lower the reference voltage
to be used, the more critical it becomes to have a clean,
noise-free setup.

7. LTC1290 AC Characteristics

Two commonly used figures of merit for specifying the
dynamic performance of the A/D’s in digital signal
processing applications are the Signalfo-Noise Ratio
(SNR) and the “effective number of bits (ENOB).” SNR is
defined as the ratio of the RMS magnitude of the funda-

0 ——— ]
Finy= 1kHz, Fg =50.6kHz, SNR=73.254B -

MAGNTUDE(B)

el LT T TT [ [ 11

|
O 4 3 2 1% 2 M
FREQUENGY ikHa)

Figure 17A, LTC1290 FFT Piot

12 —
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= \
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E 1
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38 1
0 20 080 80 100
FREQUENCY (kHz)

Figure 18, LTC1290 ENOB vs Input Frequency

mental to the RMS magnitude of all the nonfundamental
signals up to the Nyquist frequency (half the sampling fre-
quency). The theoretical maximum SNR for a sine wave
input is given by

SNR=(6.02N + 1.76dB)

where N is the iumber of bits. Thus the SNR is a function
of the resolution of the A/D. For an ideal 12-bit A/D the SNR
is equal to 74dB. A Fast Fourier Transform (FFT) plot of the
output spectrum of the LTC1290 is shown in Figures 17A
and 17B. The input (Fi\) frequencies are 1kHz and 25kHz
with the sampling frequency (Fs) at 50.6kHz. The SNR
obtained from the plot are 73.25dB and 72.54dB.

Rewriting the SNR expression it is possible to obtain the
equivalent resolution based on the SNR measurement.

N=(SNR - 1.76dB)/6.02

oIIIIIIIIIII

1
F-FiN= 25kHz, Fs_ 50. 6kHz, SNH 72,54d9-———-
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Figure 17B. LTC1290 FFT Plot
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Figure 19. LTC1290 FFT Plot
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APPLICATIONS INFORMATION

This is the so-called effective number of bits (ENOB). For
the example shown in Figures 17A:and 178, N=11.9 bits
and 11.8 bits, respectively. Figure 18 shows a plot of ENOB
as a function of input frequency. The curve shows the
AID's ENOB remain in the range of 11.9 to 11.8 for input
frequencies up to Fg/2.

Figure 19 shows an FFT plot of the output spectrum for
two tones applied to the input of the A/D. Non-linearities in
the A/D will cause distortion products at the sum and dif-
ference frequencies of the fundamentals and products of
the fundamentals. This is classically referred to as inter-
modulation distortion (IMD).

8. Overvoltage Protection

Applying signals to the analog MUX that exceed the
positive or negative supply of the device will degrade the
accuracy of the A/D and possibly damage the device. For
example this condition would occur if a signal is applied to
the analog MUX before power is applied to the LTC1290.
Another example, is the input source is operating from
different supplies of larger value than the LTC1290. These
conditions should be prevented either with proper supply
sequencing or by use of external circuitry to clamp or
current limit the input source. As shown in Figure 20, a
1k resistor is enough to stand off £15V (15mA for one
only channel). If more than one channel exceeds the
supplies than the following guidefines can be used. Limit
the current to 7mA per channel and 28maA for all channels.
This means four channels can handle 7mA of input current
each. Reducing the ACLK and SCLK frequencies from the
maximum of 4MHz and 2MHz, respectively (See Typical
Performance Characteristics Curves Maximum ACLK
Frequency vs Source Resistance and Sample and Hold
Acquisition Time vs Source Resistance.) allows the use of
larger current limiting resistors. Use 1N4148 diode clamps
from the MUX inputs to Vg and V- if the value of the
series resistor will not allow the maximum clock speeds
to be used or if an unknown source is used to drive the
LTG1290 MUX inputs.

How the various power supplies to the LTC1290 are
applied can also lead to overvoltage conditions. For single
supply operation (i.e. unipolar mode), if Vg and REF* are

T-51-07-01

not tied together, then Vg should be turned on first, then
REF*. If this sequence cannot be met connecting a diode
from REF* to Vg is recommended (see Figure 21).

For dual supplies (bipolar mode) placing two Schottky
diodes from Ve and V-to ground (Figure 23) will prevent
power supply reversal from occuring when an input source
is applied to the analog MUX before power is applied to the
device. Power supply reversal occurs, for example, if the
input is pulled below V- then Ve will pull a diode drop
below ground which could cause the device not to power
up properly. Likewise, if the input is pulled above V¢ then
V- will be pulled a diode drop above ground. If no inputs
are present on the MUX, the Schottky diodes.are not
required if V-~ is applied first, then Vec.

Because a unique input protection structure is used onthe
digital input pins, the signal levels on these pins can
exceed the device Vg without damaging the device.

Vin

- LTC1290 - TAOT

Figure 20. Overvoltage Protection for MUX

0.1uF

LTC1296 - TADS

Figure 22. Power Supply Reversal
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TYPICAL APPLICATIONS
A“Quick Look” Circuit for the LTC1280

Users can get a quick look at the function and timing of
the LTC1290 by using the following simple circuit. REF+
and Dy are tied to Vcg selecting a 5V input span, CH7 as a
single ended input, unipolar mode, MSB first format and
16-bit word length. ACLK and SCLK are tied together and

T-51-07-01

driven by an external clock. CS is driven at 1/128 the clock
rate by the CD4520 and Dgyr outputs the data. All other
pins are tied to a ground plane. The output data from the
Dour pin can be viewed on an oscilloscope which is set up
to trigger on the falling edge of CS.

A “Quick Look” Circuit for the LTC1290

Z&F%

- - {?V

——
70 0SCiLLOSCOPE

in28
/7'7_ CLK Voo '__IT_—DJ

EN RESET

o w-|

-402 03

i CD4520 el
[\1] il o
RESET EN -
Vss CLK o=y

CLOCKIN

2MHz MAX

Scope Trace of LTC1290 “Quick Look” Circuit
Showing A/D Output of 010101010101 (5554Ex)

DEGLITCHER

TIME (B11)

3 o
MSB

LN
LSB  FiLLS
(B0) ZEROES

VERTICAL:SVIDIV
HORIZONTAL: 148/DIV
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TYPICAL APPLICATIONS
SNEAK-A-BIT™

The LTC1290’s unique ability to software select the polar-
ity of the differential inputs and the output word length is
used to achieve one more bit of resolution. Using the cir-
cuit below with two conversions and some software, 2 2's
complement 12-bit + sign word is returned to memory in-
side the MPU. The MC68HC05C4 was chosen as an exam-
ple; however, any processor could be used.

T-51-07-01

Two 12-bit unipolar conversions are performed: the first
over a OV to 5V span and the second over a OV to -5V
span (by reversing the polarity of the inputs). The sign of
the input is determined by which of the two spans con-
tained it. Then the resulting number (ranging from - 4095
to 44095 decimal) is converted to 2's complement nota-
tion and stored in RAM.

SNEAK-A-BIT Circuit
24F
£T1021-8 I h-
=
= 2MHz
CLOCK
MCBBHC05C4
OTHER CHANNELS « SCK
OR SNEAK-A-BIT
INPUTS MOSI
] miso
“ o
Vin,
—5VT0 +5V
0.1
=== = ~-5¢
SNEAK-A-BIT
Viy
5 v 4)
Vi —=q(+) CHE
15T CONVERSION
1 (=) CHY 4096 STEPS
SOFTWARE
1ST GONVERSION ov-LJ ov ——— OV { 8191 STEPS
e
= —5V —sv v

2ND CONVERSION

SNEAK-A-BIT is a trademark of Linear Technology Corp.

Yo gl
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SNEAK-A-BIT Code Sneak-A-Bit Code for the LTC1290 Using the MC68HC05C4
Dour from LTC1290 in MC68HCO05C4 RAM MNEMONIC DESCRIPTION
. READ —/+:LDA #33F Load Dyy word for LTC1290 into ACC

Sign » ISR TRANSFER|Read LTC1290 routine

Location$77  [B12 Bt B10 B9 B8 B7 B6 B3| e B [GaahSEs from LTC1280 nto ACC
LSB LDA $61 Load LSBs from LTC1290 into ACC
. STA $72 Store LSBs in $72

Location $87 ] B4 B3 B2 B1 BO filled with Oﬂ RTS Return

READ +/-:LDA #$7F Load Dyy word for LTC1280 into ACC
JSR  TRANSFER |Read LTC1290 routine

LDA $60 Load MSBs from LTC1290 into ACC
Diy words for LTG12%0 MSBF STA §73 Store MSBs in $73
MUX Addr. UNI Word LDA $61 Load LSBs from LTC1290 into ACC
or STA $74 Store L9Bs in$74
{oDDISIGN) ¥ Length RTS Return
TRANSFER: BCLR 0, $02 CS goes low
Din1 l 001 1 1t 1 1 1 —’ STA $0C Load Dyy into SPI. Start transfer
LOOP1: TST $0B Test status of SPIF
BPL LOOP1 Loop to previous instruction if not done
DN2 | 0 1 1 1 1 1 1 1] LDA $0C _[Loadcontents of SPldatareg into ACC
- STA $0C Start next cycle
STA $60 Store MSBs in $60
LOOP2: © TST $0B Test status of SPIF
D|N3 L 0 0 1 1 1 . 1 1 1 ‘ BPL LOOP2  |Loop fo previousinstruction if not done
] - BSET 0,902 CS goes high
- tents of regil
SneakeA-Bit Code for the LTC1290 Using the MCSBHCO5CA Sn Gy [ comtents of SPldata eginto ACC
‘RTS Return
MNEMONIC DESCRIPTION CHKSIGN: LDA $73 Load MSBs of +/- read into AGC
DA #550 Configuration data for SPCR ORA $74 Or ACC (MSBs)wit{\ LSBs of +/~ read
STA $0A  |Load configuration data into $0A (B:Eg MINUS g'zeasrucltaﬁyo gotominus
LDA #3FF Configuration data for port C DDR }
STA $06 Load configuration data into port C DDR Ron gﬁ Rotats ’!gm;f through carry
BSET OS2 M s S i T 1 |ty
JSR READ~/+ zuargmy read configures LTC1290 for next STA §77 Store MSBs in RAM location $77
JSR  READ+/- |Read CH6 with respect to CH7 'S-'[I?I‘\\ :g;‘ 'S‘?sg 'l‘_%gss?; F*i. Aﬁ {:::t:g:fsg?c
JSR READ-/+ |Read CH7 with respect to CHB BRA END Goto end of routine
JSR CHKSIGN (Determines which reading has valid data, MINUS:  CLC Clear carry
;t,)\n&rerts t02’s complement and stores in ROR $71 Shift MSBs of — /+ read right
ROR §$72 Shift LSBs of —/+ read right
COM $71 1's complement of MSBs -
COM §72 1’s complement of LSBs
LDA §72 Load LSBs into ACC
ADD #$01 Add 1 to LSBs
STA $72 Store ACCin $72
CLRA Clear ACC
ADC $M Add with carry to MSBs. Result in ACC
STA $1 Store ACC in $71
STA §77 Store MSBs in RAM location $77
LDA §72 Load LSBsin ACC
STA %87 Store LSBs in RAM location $87
END: RTS Return
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TYPICAL APPLICATIONS

Power Shutdown

For battery powered applications it is desirable to keep
power dissipation at a minimum. The LTC1290can be pow-
ered down when not in use reducing the supply current
from a nominal vaiue of 5mA to typically 5pA (with ACLK
turned off). See the curve for Supply Current (Power Shut-
down) vs ACLK if ACLK cannot be turned off when the
LTC1290 is powered down. In this case the supply current
is proportional to the ACLK frequency and is independent
of temperature until it reaches the magnitude of the sup-
ply current attained with ACLK turned off.

As an example of how to use this feature let’s add this to
the previous application, SNEAK-A-BIT. Afier the CHK
SIGN subroutine call insert the following:

L ]

.

JSR CHK SIGN Determines which reading has valid
data, converts to 2's complement
and stores in RAM

JSRSHUTDOWN  LTC1290 power shutdown routine

The actual subroutine is:

SHUTDOWN: LDA #3$3D Load Dyy word for
LTC1290 into ACC
JSRTRANSFER ReadLTC1290 routine

RTS Return

1-51-07-01

To place the device in power shutdown the word length
bits are set to WL1=0 and WLO=1. The LTC1290 is pow-
ered up on the next request for a conversion and it's ready
to digitize an input signal immediately.

Power Shutdown Timing Considerations

After power shutdown has been requested, the LTC1290
is powered up on the next request for a conversion. This
request can be initiated either by bring CS low or by
starting the next cycle of SCLKs if CS is kept low (see
Figures 3 and 4). When the SCLK frequency is much
slower than the ACLK frequency a situation can arise
where the LTC1290 could power down and then prema-
turely power back up. Power shutdown begins at the
negative going edge of the 10th SCLK once it has been
requested. A dummy conversion is executed and the
LTC1290 waits for the next request for conversion. If the
SCLKs have not finished once the LTG1290 has finished
its dummy conversion it will recognize the next remaining
SCLKs as a request to start a conversion and power up the
LTC1290 (see Figure 23). To prevent this bring either-CS
high at the 10th SCLK (Figure 24) or clock out only 10
SCLKs (Figure 25) when power shutdown is requested.

—

POWER SHUTDOWN STARTS/ \
DUMMY GONVERSION FINISHES AFTER 52 ACLK PERIODS

10

POWER UP o100 Taos

Figure 23. Power Shutdown Timing Problem

s | I e
1 10 POWER UP
SCLK N
POWER SHUTDOWN STARTS ™
DUMMY CONVERSION FINISHES AFTER 52 AGLK PERIODS S
Figure 24. Power Shutdown Timing
1 10 POWER UP
POWER SHUTDOWN STARTS— /

DUMMY CONVERSION FINISHES AFTER 52 ACLK PERIODS
Figure 25. Power Shutdown Timing
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