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ADC124S051 4 Channel, 200 ksps to 500 ksps, 12-Bit A/D Converter

I3 Texas
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Resolution Specified for a Sample Rate Range of:

50 to 200 kSPS 200 to 500 kSPS 500 kSPS to 1 MSPS
12-bit ADC1245021 ADC124S051 ADC1228101
10-bit ADC1045021 ADC1048051 ADC1028101

8-bit ADC084S021 ADCO084S051 ADC082S101
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Order Code Temperature Range Description Top Mark
ADC124S051CIMM -40°C to +85°C 10-Lead MSOP Package X12C
ADC124S5051CIMMX -40°C to +85°C 10-Lead MSOP Package, Tape & Reel X12C
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Symbol Parameter Conditions Typical (N:‘t:ti) Units
STATIC CONVERTER CHARACTERISTICS
Resolution with No Missing Codes 12 Bits
INL Integral Non-Linearity +0.5 +1.1 LSB (max)
. . . . +0.7 +13 LSB {max)
DNL Differential Non-Linearity -
-04 -1.0 LSB {min)
Vore Offset Error +0.3 +1.3 LSB (max)
| | E
OEM Channel to Channel Offset Error +0.4 £1.0 LSB (max)
Match
FSE Full Scale Error - -0.5 1.5 LSB (max)
Full-Scal
FSEM Channel to Channel Full-Scale Error 401 £1.0 LSB (max)
Match
DYNAMIC CONVERTER CHARACTERISTICS
. . . . . | Va=+27t0 525V .
SINAD Signal-to-Noise Plus Distortion Ratio fy = 40.2 kHz, ~0.02 dBFS 72 69.2 dB (min)
V= +2.7 t0 5.25V .
SNR Signal-to-Noise Ratio 1 = 40.2 kHz, ~0.02 dBFS 725 70.6 dB (min)
- . Va = +2.7 to 525V
THD Total Harmonic Distortion oy = 40.2 kHz, —0.02 dBFS -84 -75 dB (max)
Vp = +2.7 t0 5.25V
FDR ious-F ic R A 76 dB (mi
SFD Spurious-Free Dynamic Range foy = 40.2 kHz, ~0.02 dBFS 86 {min)
ENOB Effective Number of Bits Va = +2.7 0 5.25V 11.7 11.2 Bits (min)
Vju = +5.25V
hannel-to-Channel Crosstatk A -86 dB
Channel-to-Channe a i, = 40.2 kHz
Intermodulation Distortion, Second V= +5.26V 87 dB
IMD Order Terms f, = 40.161 kHz, f, = 41.015 kHz
Intermodulation Distortion, Third V, = +5.25V _88 B
Order Terms f, = 40.161 kHz, f, = 41.015 kHz
FPBW | -3 dB Full Power Bandwidth Va = +5V L MHz
V, =43V 8 MHz
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Symbol Parameter Conditions Typical (h:::) Units
ANALOG INPUT CHARACTERISTICS
Vin Input Range OtoVu \
lper DC Leakage Current +0.02 +1 pA (max)
Track Mod 33 F
Cina Input Capacitance rack Moge P
Hold Mode 3 pF
DIGITAL INPUT CHARACTERISTICS
V= +5.25V 24 V (mi
Vin Input High Voltage AT (mfn)
Va = +3.6V 2.1 V (min)
Vi Input Low Voltage 0.8 V (max)
N Input Current Vin=0VorV, +0.02 +10 pA (max)
Cino Digital Input Capacitance 2 4 pF (max)
DIGITAL OUTPUT CHARACTERISTICS
| = 200 pA V,-0.03| Vpo-05 V (min
Vou Output High Voltage SOURCE H 2 A (miry)
: Isource = 1 MA Va - 0.10 v
| = 200 pA 0.02 0.4 V (max
Voo Output Low Voltage SINK b (max)
lsink = 1 MA 0.1 v
:OZH’ TRI-STATE® Leakage Current 0.005 +1 A (max)
OZL.
Cout TRI-STATE® Qutput Capacitance 2 4 pF (max)
Output Coding Straight (Natural) Binary
POWER SUPPLY CHARACTERISTICS (C_ = 10 pF)
v Suoplv Volt 2.7 V (min)
u oltage
A pply Yollage 5.25 V (max)
Va = +5.25V,
1.9 24 mA (ma
Supply Current, Normal Mode fsampLe = 500 kSPS, fin = 40 kHz (max)
(Operational, CS low) V, = +3.6V,
0.84 1.2 A
| foampLe = 500 KSPS, fin = 40 kHz mA (max)
A
V, = +5.25V, 60 A
=T fsampLe = O kSPS
Supply Current, Shutdown (CS high) V. <136V
A= i 3
fsampie = O KSPS % M
Power Consumption, Normal Mode |V = +5.25V 10 126 mW (max)
o (Operational, CS low) V= +3.6V 3.0 43 mW (max)
° Power Consumption, Shutdown (CS | Va = +5.25V 0.32 pw
high) V, = +3.6V 0.14 pW
AC ELECTRICAL CHARACTERISTICS
f Maximum Clock Fre (Note 8) 3.2 MHz (mir)
ximu n
SoLK a quency oe 8 MHz (max)
f Sample Rate (Note 8) 200 kSPS (min)
ample ote
s P 500 | KSPS (max)
tcony Conversion Time 13 SCLK cycles
DC SCLK Duty Cycle f 8 MH 50 30 % (min)
U = z
4 s 70 % (max)
taca Track/Hold Acquisition Time Full-Scale Step Input 3 SCLK cycles
Throughput Time Acquisition Time + Conversion Time 16 SCLK cycles
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- . Limits 5
Symbol Parameter Conditions Typical (Note 7) Units
) . S——— Va = +3.0V -35 .
tesu Setup Time SCLK High to CS Falling Edge (Note 10) 10 ns (min)
Va = +5.0V -0.5
. — e Va = 43.0V +4.5 .
toin Hold time SCLK Low to CS Falling Edge (Note 10} 10 ns (min)
Vu = +5.0V +1.5
— V, = +3.0V +4 ns
tey | Delay from €S Until DOUT active A 30
Va = +5.0V +2 (max)
V, = +3.0V +14.5
tace | Data Access Time after SCLK Falling Edge Azl 30 ns
Va=+5.0V +13 {max)
tsu Data Setup Time Prior to SCLK Rising Edge +3 10 ns (min)
th Data Valid SCLK Hold Time +3 10 ns (min)
toy | SCLK High Pulse Width 0.5x 03% 1 1 (min)
tscix tscix
0.5 0.3 x
toL SCLK Low Pulse Width X ns (min)
tscik tscLk
, V= +3.0V 1.8
Output Falling
—_— . . Va = 5.0V 13 ns
tois CS Rising Edge to DOUT High-impedance 20
. Va = +3.0V 1.0 (max)
Output Rising
Va = +5.0V 1.0
Note1: 0O000O0D0000IC 00000000000 00DO0DO00000000000000000000000000000000000000

Note 2:
Note 3:

Note 4:

Note 5:

Note 6:
Note 7:
Note 8:
Note 9:
Note 10:
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ADC124S051

CLOCK DUTY CYCLE (%)

80 -70
70
-80
) o
z z
x 60 a) \
Z T [
w =
-90 \"//
50
40 -100
25 30 35 40 45 50 55 25 30 35 40 45 50 55
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
SNR vs. Clock Frequency THD vs. Clock Frequency
80 I I -70
V, = 3.0V or 5.0V
70
-80
) o
z z
x© 60 o Va=5.0V
& £ [
= ! /
-90 V, = 3.0V
50
40 -100
3 4 5 8 7 8 3 4 5 6 7 8
CLOCK FREQUENCY (MHz) CLOCK FREQUENCY (MHz)
SNR vs. Clock Duty Cycle THD vs. Clock Duty Cycle
80 I -70
V, = 3.0V or 5.0V
70
-80
) o
z z
x© 60 a) _
z T Vo= 30V _
R X
%0 V, = 5.0V
50
40 -100
30 40 50 60 70 30 40 50 60 70

CLOCK DUTY CYCLE (%)

www.national.com/jpn/

10




goooooon O
OD0000000T,00 2500 fgappLe D 200kSPS O 500kSPSO fgoy O 3.2MHz 0 8MHzO fi 0 40.2kHz OO0 0 (0 00) 9
SNR vs. Input Frequency THD vs. Input Frequency g
80 — -70 »n
V4= 3.0V or 5.0V o
($)]
d
70
—~ _. 80 //
s S 7
T 60 o Nz 8oV
b4 T ——“'/
[} = \l/
-90
50 V, = 3.0V
40 -100
0 10 20 30 40 50 60 0 200 40 60 80 100
INPUT FREQUENCY (kHz) INPUT FREQUENCY (kHz)
SNR vs. Temperature THD vs. Temperature
80 I I -70 I I
V, = 3.0V or 5.0V V, = 3.0V to 5.0V
70
-80
g 3
I ——
~— g \
Z o e |
» [=
-90
50
40 -100
-50 0 50 100 -50 0 50 100
TEMPERATURE (°C) TEMPERATURE (°C)
SFDR vs. Supply SINAD vs. Supply
100 80
90 /' 70
J J
x 8o S 60
: 2
w w
70 50
60 40
25 30 35 40 45 50 55 25 30 35 40 45 50 55
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)

11 www.national.com/jpn/



ADC124S051

oooooooo
00000000T,00 2500 fgaypre 0 200kSPS O 500kSPST fgey i 0 3.2MHz 0 8MHz[ fi 0 40.2kHz 00 0 (0 00 )

SFDR vs. Clock Frequency

100
V, =3.0V
E—
g V, = 5.0V
& 80
[V
w
70
60
3 4 5 6 7 8
CLOCK FREQUENCY (MHz)
SFDR vs. Clock Duty Cycle
100
V= 5.0V
90
V, = 3.0V
)
z
& 80
[V
w
70
60
30 40 50 60 70
CLOCK DUTY CYCLE (%)
SFDR vs. Input Frequency
100
V,=3.0V
90 frme
——
— L~ |[Va=50V
m
z
& 80
[V
w
70
60

0 20 40 60

INPUT FREQUENCY (kHz)

SINAD vs. Clock Frequency

80 [ |
V, = 3.0V or 5.0V

~
o

SINAD (dB)
[©)
S

50
40
3 4 5 6 7 8
CLOCK FREQUENCY (MHz)
SINAD vs. Clock Duty Cycle
80 I
V, = 3.0V or 5.0V
70
)
z
2 60
Z
w
50
40
30 40 50 60 70
CLOCK DUTY CYCLE (%)
SINAD vs. Input Frequency
80 i I
V, = 3.0V or 5.0V
70
)
z
2 60
Z
w
50
40
0 20 40 60

INPUT FREQUENCY (kHz)

www.national.com/jpn/

12




oogoooood

00000000T,00 2500 fgaypre 0 200kSPS O 500kSPST fgey i 0 3.2MHz 0 8MHz[ fi 0 40.2kHz 00 0 (0 00 )

SFDR vs. Temperature

100
%0 V= 3.0V
@ \\
g V, =5.0V
xr 80
[a)
[V
w
70
60
-50 0 50 100
TEMPERATURE (°C)
ENOB vs. Supply
120
11.8
T T~ —
o
5 116
m
2
Z 114
11.2
11.0
25 30 35 40 45 50 55
SUPPLY VOLTAGE (V)
ENOB vs. Clock Duty Cycle
120 |
V, = 3.0V or 5.0V
11.8
g 116
m
o
P4
0114
11.2
11.0
30 40 50 60 70

CLOCK DUTY CYCLE (%)

80

SINAD (BITS)
o ~
o o

w
o

40

12

11

ENOB (BITS)

-50 0 50 100
TEMPERATURE (°C)
ENOB vs. Clock Frequency
0
V, = 3.0V
8 A
1
V, = 5.0V
6
4
2
3 4 5 6 7 8

12.0 I

11.8
V= e‘;.ov./‘=

ENOB (BITS)

-
-
N

=y
-
»

-
-
N

SINAD vs. Temperature

I |
V= 3.0V or 5.0V

1G0SY210av

CLOCK FREQUENCY (MHz)

ENOB vs. Input Frequency

V,=3.0V

|

0 10 20 30 40 50
INPUT FREQUENCY (kHz)

60

13

www.national.com/jpn/



ADC124S051

goon

00000000T,00 2500 fgaypre 0 200kSPS O 500kSPST fgey i 0 3.2MHz 0 8MHz[ fi 0 40.2kHz 00 0 (0 00 )

ENOB (BITS)

(dB)

(dB)

goon

ENOB vs. Temperature

12.0
11.8
Va= 3.0V
——

11.6 V=50V
114
11.2
11.0

-50 0 50 100

TEMPERATURE (°C)

Spectral Response - 5V, 200 kSPS

V=50V

200 ksps
-20
-40
-60
-80
-100
-120

0 20 40 60 80 100

FREQUENCY (KHZ)

Spectral Response - 5V, 500 kSPS

0 T
V,=5.0V
500 ksps
-20
-40
-60
-80

400“
-120
0 50 100 150 200 250
FREQUENCY (kHz)

Spectral Response - 3V, 200 kSPS

V,=3.0V
200 ksps

(dB)

-100

-120
0 20 40 60 80 100

FREQUENCY (KHZ)

Spectral Response - 3V, 500 kSPS

0 T
V,=3.0V
500 ksps
-20
-40
o
T 60
-80

_100m
-120
0 50 100 150 200 250
FREQUENCY (kHz)

Power Consumption vs. Throughput
10

g
E s /
P V, = 5.0V /
o
: A
- 4
g /
4
[&]
n: //
Ll
g 2
g ¢ V,=3.0V

o /_____—-__’__i—-—“—'
0 100 200 300 400 500
THROUGHPUT (KSPS)

www.national.com/jpn/

14




uoboobooon

1.0 ADC124Ss051 00000

ADCI124S50510 000000 D/AOOODOOOO0OODOO0OO
0ob A/DbO0000000 ADC124S051 DO0OO0OO0OOO
ootoboboooooooooboobobc0o0omOoon Figure
102000000 Figure 1 OO ADC124S051 0000000 OO
bbb ooboo swiooboooooooooooaoo 7
oooooooo 1 ooobobooooboooooooboooo
ooogsw2 oOooooooooooooooooooooo
ADCI248051 00CS 0 Low 000000 3SCLK 000000
gooobooooboooo

Figure 2 00O ADCI124S051 0000000000 0O000O0O OO
gooobooooboooooo (booo AvDD/20 VINOO
oooH)ooooooo swiooooooobtoooooo odo

IN1

SAMPLING

IN4 CAPACITOR

SWi1

AGND  Va

FIGURE 1.

IN1

SAMPLING

IN4 CAPACITOR

SW1

Va

AGND e
2

FIGURE 2. ADC124S051 in Hold Mode

2.0 ADC124S051 00 0O

ADCI124S5051 00000000 ADCI124S051 OO000000O0O
0000000000 000000000 000000000000CS
ooooooboobbooooooooboobobbboooo oo
oooooobooooooooo sCcLK (DooooooooH)ao
ooooobooboooboooobbooobo oooooooo
bouTOOoOOooooooboobobboboobooobooooo
ooboooooMsBOOOOOOOOOOOOOC OObObOo.
0000 DINOO000 ADCI1248051 00 0000000000
goboobpINODOOOOoooobobbobooooooo

0000000000 CSO00000000000000CSO000
00000000000000000000 1600000000
00 SCLK 000000000 0000000 A/DO000000
00000 (DOUT)OOO LCS O High J00000000000
00000CS O Low 0000OOO00 000000000000
CSOOO000000DO0000000000000CS O High
0000000000000 00000000000000000
0000000000000000

SCLKOUODOO 30000000A/biobbooobbooooog
ooooobooooooooooooooosckoono 130d
ooooooooooooMsBOOO0O0O sOboOO0o00oonO
gboooooboboboboooorooobobooooboo 2000

ADC124S051 in Track Mode

oooo swooooooobocoooooobobcooboooo
ooooooooooooobooooooooooooooooo
gooooo (0o )H)oooooboooobobbooobo
U bACOOO0O00O0COOOOOobOoOooOoobocoonn DAC
oooboooooooooboobbooboooooboooooooo
0000000 ADCI248051 00CS O Low 00000004 O
goodleddd scLkOoooooooonooooooooooo

CSU LowDUOOOOOOOOO0O000000000000000
goooobooooo 1e00O000O SCLKOUDOOoOoood
goooboooooboooboobboboooboooobournon
oooooboooboooboboooboOobooooooDbIN OO
ooooobooooooooooooooooooooooooo
oooooooooooooo

CHARGE
REDISTRIBUTION

DAC

CONTROL
LOGIC

CHARGE
REDISTRIBUTION
DAC

CONTROL
LOGIC

J0ooooOoboobootoA/pbO0000d SCLKO Nx 1600
0oooo0ooooo sckiooooooodbooomon
goooooodNx 160 4000 sCLKOOOOOOO00O
ooooo/oooooboooboooobo (Nooo)Ho

CSO HighODOOOOSCLK 00 000000000000000 O
CS O High0OOO SCLKO Low 0 000000000000
CSOO0OD000000 A/DO0DON0DOD SCLKOOOO OO
goboooooooobooobo A/bboobOobbobbbbobo
oooooooA/DO0O000000000 scLkoooooo
oooobooboooODooOn0 sCLK O High 0O OO SCLK
0000000A/DO00000 CSO000000000000
ooooooobbobbbooooooooooooo

0000000CSO0000000000 800 SCLK OO
ooboobooooooooboboboOoob pINOOOoDOOOO
oooooooobbooboooooooboooooOooooo
gooboboobooboooooooooboooboooo
10000000000 00000 Table 10203 000000
gooo

CSOSCLKODO OO LowdOOOOOOOODO SCLKOODO
ooooooboboooooobobbbooo 0o pINOO O
gooooooooooobooooooooooo

15

www.national.com/jpn/

1G0SY210av



ADC124S051

0000000000 (ooo) ooooobooooooooboboooooooooooo

ooooomNiooooooooooo
ADC1245051 00 M 0O0000000O0O0O0OOOOOOOO0OO0

oooooA/DOoobooooobooooobooooooooo

TABLE 1. Control Register Bits

Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
DONTC DONTC ADD2 ADD1 ADDO DONTC DONTC DONTC

TABLE 2. Control Register Bit Descriptions

o gooo |go
7-6,2-0 DONTC |Don'tcare 000 00000MOOOCOOOOOOOOOOOODOOOOOO
5 ADD2 (U0 30M0000Ob0bb0/oOo0oobooboobooobobooooooooboooboooboooo
Uoomoooooboooooooo Table30 0000 O
4 ADD1
3 ADDO

TABLE 3. Input Channel Selection

ADD2 ADD1 ADDO Input Channel
X 0 0 IN1 (Default)
X 0 1 IN2
X 1 0 IN3
X 1 1 IN4
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