TECHNOLOGY

LTC2400
SOo-8U 24000

0000000 No LatencyAZ™ ADC

g

SO-80 00D O0O24000ADC
INL4ppmO OO OOO0OO0OOO0ODO
O0000o0oOonD 4ppm
oboboboobooooooooooooooooog
oon

gobooono 0.5ppm

gogd 0.3ppm

oooboooooooooo

0 0110dBOS0Hz/60HzO O OO D ODOO
O0O00O0ob0Oob0O0o00o.1vd Ve

ooooboo0o b OobOoobooooi2s5%bodn
Jo0o000ooooOOoDoDOdbOobooooo
27vOs55v0 000000
obobo2oopAlOO00oooboonboon

guoooogad

00O

LTC®24000 0 0 0O 0O OO O INL 4ppmO RMSO O O
0.3ppmO 2.7vVOS5VO 0D 00O 0OOODOOODO2400
goooooooooobobo-obboobbbbbbn
goboooboobooobbooboooboon
dddoooooooLTCc24000 10000000 O S0Hz
OogdeoHzx 2% 00 01100B0 00 0O0OOOOODO
goobooooboboooobbooooobboooobn
0o0o0oobbOo0oD0o0o0gg1HzO120Hz0 0000
goboooboobooobbooboooboon
goooobooboobooboooboo

ggoooboboboivivecDDOOOOOOOOO
Uo0o0ob0ODbD0OO0O000OoLTCc24000 0 12.5%  Vrer
01125% «Veee D O OO OO DOOOODOOODODOOODO
gooboooobboooobboooobboooobn
goooobooboobooboooboo

LTC24000 SPID O OMICROWIREMO O OO OO OODO

= ]
o003 oooooooooooooooooono
= OJO0O00Oooa oooo
= JQOQO0dd
- AONLTCOLTO000000000000000000
goooboooooooooo No Latency As0 0000000000000 O0O0O
B [ MICROWIRED 0000000000000 000000000
= JQOQO0dd
s JO00000000oogggog
= 600 DVM
Ogo0oo0ooooOooooa
10 T T
2.7VTO 5.5V | Vec =5V
Vee 8 I VRer =5V
1y _T = INTERNAL OSC/50Hz REJECTION 6 ﬁAfig‘:ﬁ
Vee Fo [—e— | L= EXTERNAL CLOCK SOURCE E 0=
—_= INTERNAL OSC/60Hz REJECTION =
- LTC2400 § 2
REFERENCE g o L
VOLTAGE ——{ VRer  SCK |—e>— > \
0.1V TO Ve g "~
ANALOG 3-WIRE ; i Mamd.,., oo
SPI INTERFACE ]
INPUT RANGE ——] Vi SDO f—p— "
—0.12VRer TO 1.12V, —
REF REF GND s b—e— s
i 2400 TAOL -10

0 8,338,608
OUTPUT CODE (DECIMAL)

16,777,215

2400 TAO2

L] TECHNOLOGY

1



LTC2400

oooon

(Notes 100 2)
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TOP VIEW ORDER PART NUMBER
Vee [1] 8] Fo LTC2400CS8
Veer [2] 7] sck LTC2400IS8
vin [3] 6] spo
GND [4] 5] cs S8 PART MARKING
S-LEAD PLASTIC 50 2400
Tamax = 125°C, 834 = 130°C/AW 2400l

oo0ooooooo0oooooobo0o0oooooboboo

oooood
e 100000000 DNDONOD0DDDOODDO0OOOTAD25000 0 Note 30 40
PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution (No Missing Codes) 0.1V < VRgr < Ve, (Note 5) o 24 Bits
Integral Nonlinearity VRer = 2.5V (Note 6) ° 2 10 ppm of Vger
VRer = 5V (Note 6) o 4 15 ppm of Vger
Offset Error 2.5V < Vg < Ve o 0.5 2 ppm of Vger
Offset Error Drift 2.5V < VRer < Ve 0.01 ppm of Vgee/°C
Full-Scale Error 2.5V < VRer < Ve ° 4 10 ppm of Vger
Full-Scale Error Drift 2.5V < VRer < Ve 0.02 ppm of Vgee/°C
Total Unadjusted Error VR = 2.5V 5 ppm of Vrer
VRer = 5V 10 ppm of Vger
Output Noise VN = 0V (Note 13) 15 UWrms
Normal Mode Rejection 60Hz £2% | (Note 7) e | 110 130 dB
Normal Mode Rejection 50Hz £2% | (Note 8) e | 110 130 dB
Power Supply Rejection, DC VRer = 2.5V, V)= 0V 100 dB
Power Supply Rejection, 60Hz £2% | Vger = 2.5V, V| = 0V, (Notes 7, 15) 110 dB
Power Supply Rejection, 50Hz £2% | Vger = 2.5V, V| = 0V, (Notes 8, 15) 110 dB
goooooooooooooo
e 1000000000000 DDODOO0O00ONOOTAD2500000 (Note 3)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VN Input Voltage Range (Note 14) o | —0.125 ¢ VRer 1.125  Vger \%
VRer Reference Voltage Range ° 0.1 Vee v
Csn) Input Sampling Capacitance 10 pF
Cs(reF) Reference Sampling Capacitance 15 pF
IIN(LEAK) Input Leakage Current cS= Vee . -10 1 10 nA
IREF(LEAK) Reference Leakage Current VRer = 2.5V, cS= Vee ° -10 1 10 nA

2

L] TECHNOLOGY



LTC2400

ooooooooooon
e« 000000000000 0D00000000OTAD2500000 (Note 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Vi High Level Input Voltage 2.7V <V <55V 25 \Y
CS, Fo 2.7V <V 3.3V 2.0 v

Vi Low Level Input Voltage 4.5V < Ve 5.5V 0.8 \Y
CS, Fo 2.7V <V €55V 0.6 v

Vi High Level Input Voltage 2.7V < Ve £5.5V (Note 9) 25 \Y
SCK 2.7V < Ve £3.3V (Note 9) 2.0 v

ViL Low Level Input Voltage 4.5V < Ve £5.5V (Note 9) 0.8 v
SCK 2.7V £ V¢e 5.5V (Note 9) 0.6 v

Iin Digital Input Current 0V <ViNsVee -10 10 HA
CS, Fo

Iin Digital Input Current 0V < Vin £ Ve (Note 9) -10 10 HA
SCK

CiN Digital Input Capacitance 10 pF
CS, Fo

CiN Digital Input Capacitance (Note 9) 10 pF
SCK

VoH High Level Output Voltage lop = -800pA Ve — 0.5V \Y
SDO

VoL Low Level Output Voltage lp=1.6mA 0.4v v
SDO

VoH High Level Output Voltage lo =—800pA (Note 10) Ve — 0.5V \Y
SCK

VoL Low Level Output Voltage lp = 1.6mA (Note 10) 0.4V \
SCK

loz High-Z Output Leakage -10 10 HA
SDO

gogd

e 1000000000000 DDODOO0O00D0DOOTAD2500000 (Note 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Vee Supply Voltage 2.7 55 \Y

lec Supply Current o

Conversion Mode CS = 0V (Note 12) 200 300 HA
Sleep Mode CS = V¢ (Note 12) 20 30 PA

L] TECHNOLOGY



LTC2400
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e 000U UIUODODDOOCOCODOUOUOOOODOTAO250000 0O (Note 3)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
feosc External Oscillator Frequency Range ° 2.56 307.2 kHz
theo External Oscillator High Period ° 0.5 390 s
tLeo External Oscillator Low Period ° 0.5 390 s
tcony Conversion Time Fo=0V 130.66 133.33 136 ms
Fo =Vec 156.80 160 163.20 ms
External Oscillator (Note 11) 20480/fgpsc (in kHz) ms
fisck Internal SCK Frequency Internal Oscillator (Note 10) 19.2 kHz
External Oscillator (Notes 10, 11) feosc/8 kHz
Disck Internal SCK Duty Cycle (Note 10) ° 45 55 %
fesck External SCK Frequency Range (Note 9) ° 2000 kHz
tLEscK External SCK Low Period (Note 9) ° 250 ns
tHesCK External SCK High Period (Note 9) ° 250 ns
toouT Isck Internal SCK 32-Bit Data Output Time Internal Oscillator (Notes 10, 12) 1.64 1.67 1.70 ms
External Oscillator (Notes 10, 11) 256/feosc (in kHz) ms
tbout Esck External SCK 32-Bit Data Output Time (Note 9) ° 32/fesck (in kHz) ms
t CS | to SDO Low Z . 150 ns
v) CS 1 to SDO High Z . 150 ns
t3 CS | to SCK | (Note 10) . 150 ns
t4 CS | to SCK 1 (Note 9) . 50 ns
tKQMAX SCK | to SDO Valid [ 200 ns
tkomIN SDO Hold After SCK | (Note 5) ° 15 ns
ts SCK Set-Up Before CS | ° 50 ns
tg SCK Hold After CS | . 50 ns
Note 1000 00000000000000000000000000000 Note 100 0 000 00SCKODDODODOOO00O0O0DD00000SCKDD
oooo 0000000000000000SCKOOOOO000000Ceapl 20pF0
Note 20 0000000 0GNDOOOOODODO Note 110 000000F,000000000000000 Ofgoscd 000
Note 30 00000000 VeeD2.7V0 5.5V kHz

Note 4000000000 Fo0d 0 0GNDO O O Vel OO O fepscd 153600Hz
0000000000000000000000000000000000
Note 50 0000000000000000000000

Note60 000 DDDODODODODO0O0O0OOOOO0DOO0D0O0D0O0000000
0000000D000000000000000000000000000
Note 70 Fo0 OV 000 0 0 [ O O fepscl 153600Hz+ 2% 00000
Note 80 FoO Vgl 0 00 00 [0 0O fepscd 128000Hz+ 291 0 0 O
Note 90 000D DOSCKOOOOOOOODDOOODOOODO
0000000000000000SCKOOOOO0O0000000
000 fesexD 00 0 0O kHzD

Note 120 0 0000000000000000F,00VO 0 0Fe Vee

Note 130 0 0000000000000 00O0O0D0O000000

Note 14000000 0000 Ve >2.5V0 0 00 0 0.125 « VgeeD 1.125 « Vier
000D0D000000000000MO03MO0000000000000
00025V <Vger<0.267V00.89+ V0 OOOOOODO000000.3VO1.125
* Veee 00 00.267V0 0.89 * Ve < Vrgr< Vec0 OO OO0 OO0 O00000.3V
OVccdo.3vooono

Note 150 V0 4.1VO O DCO 00000 VD 0000 0ACO 00 2.8Vpp0
ooo
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LTC2400
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0320 0O 0O O O Parallax, Inc. (916- 624-8333)1 BASIC Stamp
goooboobobbbobbobooboobon
goobobogLTCcdoon b 0ooooDb3200b000

'LTC2400 Sample Driver

'03/17/99 This program is an example showing how to access the
LTC2400 using the Basic Stamp2 from Parallax. Since

the BS2 is based on a 16-hit architecture, only the
upper 16 bits of the 24-bit result are displayed,
although all 24 bits are retrieved.

OO0O000D00O0400000000000LTC2400000
00000000 00o0o00ooo0oDoooooooo
o00oo00oO0oO0ooO00ooooboOooooooDo
gOoOogoLTC2000 0D O0O0OCODOOOODDOOO
0000O0D0O0DbO0DO0b000320000000000
o00oo00oO0oO0ooO00ooooboOooooooDo
o0o000oDO0odbobO0oOooOoUOoooOogooDOogo
OO000OOD0ADIoDADNDOOODOOODOOODOOODDO
O OParallaxO 0 0O O 0 O O O M www.parallaxinc.comT]
oooogooggod

ADlo var word "A/D result - lower 16 bits
ADhi var word "A/ID result - upper 8 bits
Ctr var byte "loop counter
Temp var bit ‘temporary bit used for shift
SDO con 0 *Serial data connected to PO
SCK con 1 'Serial clock connected to P1
CS con 2 'Chip Select connected to P2
Pwr con 3 'Stamp supplies power connected to P3
'(Uses only 0.3mA!)
Init
dira = $E 'Set up data direction
'Pwr, CS, and SCK are outputs
'SDO is an input
outa=$0 "Initialize outputs
'Pwr, CS, and SCK are low
pause 100 "Wait 200mS for 1/0 to settle
high Pwr 'Power up the LTC2400
pause 1 "Wait 1mS for power-on sequence
high CS 'Disable the device until we
Start ‘wish to read it.
pause 125 'Eight times second
low CS ‘Enable the LTC2400
for Ctr=0t0 31
high SCK 'Cycle clock 32 times
gosub ShiftL
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ADlo.bit0 = in0 ‘and sample data line

low SCK

next

high CS ‘Disable the LTC2400

ADhi = (ADhi<<4)+((ADIo&$F000)>>12)

debug ?ADhi ‘Discard the lower eight bits

goto Start ‘and display (debug command).
ShiftL

Temp = ADlo.bit15
ADlo = ADlo<<1
ADhi = ADhi<<1
ADhi.bit0 = Temp
return

"This routine simply
"performs a 1 bit
‘left shift on two
"16 bit variables

g3z2.LTC24000 00 00000DbOOODOOO0OOO0BASIC StampOdDOOOnO

gdfjggesHCilD OO ODODOoOoOoOooooog
gdoooooooobDboooPoORTDODOOODODDO
goooooLTczoonosPiooonooooonboon
gbobo3sgboog3gosPiboooooon

goboobbooboobb320bboobooooo
o400 oooooo
OOPORTDOSPIDODOOOODDOOUODOODDOOO
0000000000000000000ss000 L

SCK !

b0o0o0obOoobbooLTc400obooononO
0000000000000 CS000on roogg
gobooooooboooboobooo®r rroobgoo
ooooooboooboobobooobuooobooo
gopoo4o0sSPIDO0DDOOO0OO0DOOO0OODOOO
000000000000SS WOoOooooooad
goboboooooLTCc4o00 0 0boooboooboog
oooooobooboboobobooobuooobooo
goo

68HC11

SCK (PD4)

LTC2400 SDO g

MISO (PD2)

(]

SS (PD5)

2400 F33

033.sPId000000000O0000O000O0OLTC2400068HC11 MCUO DO

*hkkhkhkhkkk *kkkkkhkkhhhhkhhhhhhik *kkkkk *kkkhkk

* This example program transfers the LTC2400's 32-bit output ~ *
* conversion result into four consecutive 8-bit memory locations. *

*% * * * * * * *

*68HC11 register definition

PORTD EQU $1008  Port D data register

* "—,—,SS* CSK ;MOSI,MISO,TxD ,RxD"

DDRD  EQU $1009  Port D data direction register

SPSR EQU $1028  SPI control register

* "SPIE,SPE ,DWOM,MSTR;SPOL,CPHA,SPR1,SPRO"
SPSR  EQU $1029  SPI status register

* "SPIF,WCOL, — ,MODF; -, -, -, ="

SPDR EQU $102A  SPI data register; Read-Buffer; Write-Shifter

*

* RAM variables to hold the LTC2400's 32 conversion result

Ly N
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DIN1 EQU $00 This memory location holds the LTC2400's bits 31 - 24
DIN2 EQU $01 This memory location holds the LTC2400's bits 23 - 16
DIN3 EQU $02 This memory location holds the LTC2400's bits 15 - 08
DIN4 EQU $03 This memory location holds the LTC2400's bits 07 - 00

*

*% * *%x

* Start GETDATA Routine *

*hkkkhk *kkkkkhkkhhkkhk

*

ORG $C000  Program start location
INITL LDS #$CFFF  Top of C page RAM, beginning location of stack

LDAA  #$2F --101,1,1,1
* -, =, SS*-Hi, SCK-Lo, MOSI-Hi, MISO-Hi, X, X
STAA PORTD  Keeps SS* a logic high when DDRD, bit 5 is set
LDAA  #$38 --11;1,0,0,0
STAA DDRD  SS*, SCK, MOSI are configured as Outputs
* MISO, TxD, RxD are configured as Inputs
*DDRD's hit 5 is a 1 so that port D's SS* pin is a general output
LDAA  #$50

STAA SPCR The SPI is configured as Master, CPHA =0, CPOL =0
and the clock rate is E/2
(This assumes an E-Clock frequency of 4MHz. For higher E-
Clock frequencies, change the above value of $50 to a value
that ensures the SCK frequency is 2MHz or less.)

* X X ok

GETDATA PSHX

PSHY

PSHA

LDX #30 The X register is used as a pointer to the memory locations
* that hold the conversion data

LDY #$1000

BCLR PORTD, Y %00100000 This sets the SS* output bit to a logic
* low, selecting the LTC2400

TRFLP1 LDAA #30 Load accumulator A with a null byte for SPI transfer
STAA SPDR  This writes the byte in the SPI data register and starts
* the transfer
WAIT1  LDAA SPSR This loop waits for the SPI to complete a serial
transfer/exchange by reading the SPI Status Register
BPL WAITL1  The SPIF (SPI transfer complete flag) bit is the SPSR’'s MSB
and is set to one at the end of an SPI transfer. The branch
will occur while SPIF is a zero.
LDAA SPDR Load accumulator A with the current byte of LTC2400 data
that was just received
STAA 0,X Transfer the LTC2400's data to memory
INX Increment the pointer
CPX #DIN4+1 Has the last byte been transferred/exchanged?
BNE TRFLP1 If the last byte has not been reached, then proceed to the

* next byte for transfer/exchange

BSET PORTD,Y %00100000 This sets the SS* output bit to a logic high,
* de-selecting the LTC2400

PULA Restore the A register

PULY Restore the Y register

PULX Restore the X register

RTS

U34.033poospPibobobooboobooooooLTcz4o00000n
gbobgesHCciiDoooono
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COLD JUNCTION
ISOTHERMAL

Rrc
M

WA —e— 2

R1

43.2k
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Ee|
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o
c
o
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m
+
-—=F1
q
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=i
[

2 Vee _|.s
VRer CS [&—
6
Viy  LTC2400 SDO |—>
7
SCK |¢—
GND  Fo
4 8
10k
—o/ o—MA\— 5V
60Hz 50Hz

*25ppm, 1% TOLERANCE

SINGLE POINT GROUND

THERMOCOUPLE
TYPE

SEEBECK
COEFFICIENT*

R2

J 50.2uv/°C | 3.83k
K 39.2uv/°C | 4.99k
S 6.15uV/°C | 32.4k

2400 F35

*20°C < Tp<50°C

gs3s.0obooooooooo
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*RECOMMENDED 0.1%, +5ppm IRC AFD SERIES CHIP RESISTORS

R6

p

Vee I
6.1uv/°C  — + 6
Viy  LTC2400 SDO f—>
7
SCK [¢—
GND Fo
SELECT R3 FOR 4 8
6.190 THERMOCOUPLE TYPE
S:6.19Q 10k
K: 39.2Q —o/ O—MA—sv
J:49.9Q 60Hz 50Hz
2400 F35

E: 61.9Q

036.0000bonoonooooooonoo
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VY= | 12400
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R3*
9.09k

S 2400 F38
R4**

1000 *MUST BE 5ppm/°C OR BETTER,

AN ARRAY IS RECOMMENDED
= **MUST BE VERY STABLE <5ppm/°C
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ELEMENT
10k
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- 2400 F39
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2400 F40

STABLE OPERATION AT HIGHER FREQUENCIES
REQUIRES VALUES OF RESISTOR TO BE REDUCED
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