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PART TEMP. RANGE PIN-PACKAGE PNt
' (LSB)
MAX1200ACMH  0°Cto +70°C 44 MQFP +0.5
MAX1200BCMH  0°C to +70°C 44 MQFP —
MAX1200AEMH  -40°C to +85°C 44 MQFP +0.5
MAX1200BEMH  -40°C to +85°C 44 MQFP —
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ABSOLUTE MAXIMUM RATINGS

AVDD t0 AGND, DGND ......ooiiiiiiiiiiiiiiceee e
DVpp to DGND, AGND..............

DRVpp to DGND, AGND
INP, INN, RFPF, RFPS,

RFNF, RFNS, CLK, CM.......... (AGND - 0.3V) to (AVpD + 0.3V)
Digital Inputs to DGND ........ccccoiiiiiiinnns -0.3V to (DVpD + 0.3V)
Digital Output (DAV) to DGND .............. -0.3V to (DRVpD + 0.3V)
Other Digital Outputs to DGND.............. -0.3V to (DRVpDD + 0.3V)

Continuous Power Dissipation (Ta = +70°C)
44-Pin MQFP (derate 11.11mW/°C above +70°C)....... 889mW
Operating Temperature Ranges (Ta)

MAXT200_CMH ..ot 0°C to +70°C
MAXT200_EMH.......oooiiiiiiiiiie -40°C to +85°C
Storage Temperature Range ..........ccccccooeernnen, -65°C to +150°C
Lead Temperature (soldering, 10S€C) ......c.cccvvvriiieenenn. +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(AVDD = +5V £5%, DVpp = DRVpD = +3.3V, VRFps = +4.096V, VRFNS = AGND, VoM = +2.048V, V|N = -0.5dBFS, fcLk = 2.048MHz;
digital output load < 20pF; Ta = TMmIN to TMAX, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER ’ SYMBOL ‘ CONDITIONS MIN TYP MAX | UNITS
ANALOG INPUT
Single-ended 4.096
Input Voltage Range (Note 2) VIN - - \
Differential +4.096
Input Resistance (Note 3) Ri 55 kQ
Input Capacitance Ci Per side in track mode 21 pF
EXTERNAL REFERENCE
Reference Voltage (Note 4) VREF 4.096 45 Vv
Reference Input Resistance RREF 700 1000 Q
TRANSFER CHARACTERISTICS
R T B e i
Integral Nonlinearity INL +3.5 LSB
_ , o MAX1200A -1 £0.5 +1
Differential Nonlinearity DNL LSB
MAX1200B +0.6
Offset Error -0.2 +0.003 +0.2 | %FSR
Gain Error -5 -3 5 %FSR
Input-Referred Noise 75 uVRMS
DYNAMIC SPECIFICATIONS (Note 6)
Maximum Sampling Rate fsaMPLE | fsAMPLE = fcLk /2 1.024 Msps
Conversion Time 4 fSAMPLE
(Pipeline Delay/Latency) Cycles
Acquisition Time tACQ To full-scale step (0.006%) 125 ns
Overvoltage Recovery Time tOVR 450 ns
Aperture Delay tAD 3 ns
Aperture Jitter tad 5 PSRMS
Full-Power Bandwidth 3.3 MHz
Small-Signal Bandwidth 78 MHz
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ELECTRICAL CHARACTERISTICS (continued)

(AVDD = +5V £5%, DVpp = DRVpD = +3.3V, VRFps = +4.096V, VRFNS = AGND, Vcom = +2.048V, V|N = -0.5dBFS, fcLk = 2.048MHz;
digital output load < 20pF; Ta = TMIN to TmMAX, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
fIN = 99.5kHz 83 87
xgiﬁss - ‘Xg?\?g : fin = 300.5kHz 84
i _to-Noi i fin = 504.5kHz 83
Signal-to-Noise Ratio SNR IN dB
(Note 5) fiN = 99.5kHz 78 83
VRFps = 3.5V, —
VRENS = 1.5V fin = 300.5kHz 81
fin = 504.5kHz 80
fIN = 99.5kHz 84 91
VRFPs = 4.096V, —
VRENS = AGND fiN = 300.5kHz 89
ious- i fiN = 504.5kHz 88
Spurious-Free Dynamic Range SFDR IN dB
(Note 5) fiN = 99.5kHz 85 92
VRFPS = 3.5V, —
VRENS = 1.5V fiIN = 300.5kHz 91
fiIN = 504.5kHz 90
fin = 99.5kHz -87 -82
VRFPS = 4.096V, —
VRENS = AGND PN = 300.5kHz -86
ic Di i = 504.5kH -85
Total Harmonic Distortion THD IN z dB
(Note 5) fiN = 99.5kHz -90 -84
VRFPs = 3.5V, ~
VRENS = 1.5V fin = 300.5kHz -89
fiIN = 504.5kHz -88
fiIN = 99.5kHz 80 84
VRFps = 4.096V, —
VRENS = AGND ?N = 300.5#;:2 82
i -to-Noi i = 504.5kHz 81
S|lgnallto Noise Ratio plus SINAD IN dB
Distortion (Note 5) fiN = 99.5kHz 77 82
VRFps = 3.5V, —
VRENS = 1.5V fin = 300.5kHz 80.5
fiIN = 504.5kHz 79.5
POWER REQUIREMENTS
Analog Supply Voltage AVDD 4.75 5 5.25 vV
Analog Supply Current I(AVDD) 51 70 mA
Digital Supply Voltage DVpD 3 5.25 \
Digital Supply Current I(DVpD) 0.4 1.2 mA
Output Drive Supply Voltage DRVpD 3 DVpbD \
Output Drive Supply Current I(DRVpD) | 10pF loads on DO-D15 and DAV 0.1 0.6 mA
Power Dissipation PDSS 273 377 mwW
Warm-Up Time 0.1 sec
L ) Offset 55
Power-Supply Rejection Ratio PSRR - dB
Gain 55
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TIMING CHARACTERISTICS (Figures 7, 8, 9)

(AVpD = +5V 5%, DVpp = DRVpD = +3.3V, fcLk = 2.048MHz, Ta = TMIN to TmAX, unless otherwise noted. Typical values are at
Ta = +25°C.) (Note 1)

MAX1200

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Conversion Time tCoNV 4 [ fsAMPLE ns
Clock Period toLK 488 ns
Clock HIGH Time tCcH 187 244 301 ns
Clock LOW Time tcL 187 244 301 ns
Acquisition Time tacq tcLk /2 ns
Output Delay tobp 70 150 ns
DAV Pulse Width tpDAV 1/fcLk ns
CLK-to-DAV Rising Edge ts 65 145 ns
Data Access Time tAC CL = 20pF 16 75 ns
Bus Relinquish Time tREL 16 75 ns
Calibration Time tCAL ST_CAL = DVpp 17,400 feLk

Cycles

DIGITAL INPUT AND OUTPUT CHARACTERISTICS

(AVpD = +5V 5%, DVpp = DRVpp = +3.3V, Ta = TmIN to TmAx, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input LOW Voltage ViL 0.8 V
Input HIGH Voltage VIH DVpp - 0.8 Vv
Input Capacitance 4 pF
CLK Input LOW Voltage VeLk 0.8 \
CLK Input HIGH Voltage VCLK AVpp - 0.8 V
CLK Input Current ICLK ViN =0 or VpDp +1 +10 LA
CLK Input Capacitance Cclk 9 pF
Digital Input Current IIN VIN = 0 or DVpp +0.1 +10 pA
Output Low Voltage VoL ISINK = 1.6mA 70 400 mV
Output High Voltage VoH ISOURCE = 200pA D\(/)Df D(\)/%g vV
Three-State Leakage Current ILEAKAGE +0.1 +10 HA
Three-State Output Capacitance Cout 3.5 pF

Note 1: Reference inputs driven by operational amplifiers for Kelvin-sensed operation.

Note 2: For unipolar mode, the analog input voltage, VINP, must be within 0 and VRer, VINN = Vcm / 2; where VREF = VRFPS - VRFNS.
For differential mode, the analog input voltages ViNp and VNN must be within O and VRgeF; where VREF = VRFPS - VRFNS. The
common-mode voltage of the inputs INP and INN is Vcm = (VRFPS + VRFNS) / 2.

Note 3: R varies inversely with sample rate.

Note 4: Minimum and maximum parameters are not tested. Guaranteed by design.

Note 5: Calibration remains valid for temperature changes within £20°C and power-supply variations +5%. Guaranteed by design.

Note 6: All AC specifications are shown for the differential mode.
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(AVpD = +5V +5%, DVpp = DRVpp = +3.3V, VRFPs = +4.096V, VRENS = AGND; Vowm = +2.048V, differential input, fcLk = 2.048MHz,
calibrated, Ta = +25°C, unless otherwise noted.)
INTEGRAL NONLINEARITY vs. DIFFERENTIAL NONLINEARITY vs. SINGLE-TONE SPURIOUS-FREE DYNAMIC RANGE
TWO0’S COMPLEMENT OUTPUT CODE TWO0’S COMPLEMENT OUTPUT CODE vs. INPUT AMPLITUDE (fiy = 99.5kHz)
5 - 10 o 120 ‘ g
g E dBFS E
4 g 075 5 10 S :
3 L E E N ]
0.50 100 =\
2 1 0.25 90 \h..
= 1 | = Ll J I =
g ' _ 5 W g g A4
> ¢ # = =) /
-1 025 )
P w 60 /r
4 -050 50 /
4 -0.75 40
5 10 30
32768 -16384 0 16384 32768 -32,768 16,384 0 16384 32,768 80 70 -60 50 40 -30 20 -10 0
TWO'S COMPLEMENT OUTPUT CODE TWO'S COMPLEMENT OUTPUT CODE INPUT AMPLITUDE (dBFS)
SIGNAL-TO-NOISE RATIO PLUS TOTAL HARMONIC DISTORTION SIGNAL-TO-NOISE RATIO
DISTORTION vs. INPUT FREQUENCY vs. INPUT FREQUENCY vs. INPUT FREQUENCY
86 R e 5 74 w 90 <
A =-0.50BFS E : T — :
8 N g -76 g A= -050BFS In g
8 N H Ain=-20dBFS || |[|IZ 85 i HHi z
\\ 78 AL ~ N
_ % . /| An=-6a8FS [ TN [N
a il = 80 17 H = 80 N
S 78 ~ S A =-60BFS 3 ™
2 AN =-60BFS N = 8 IN L] =
= 76 = &
” -84 »
74 ]
72 -86 CE—T 2
70 A = -200BFS 88 A =-0.50BFS A =-200BFS N[
. Wi _90 L | . LI
1 10 100 1000 1 10 100 1000 1 10 100 1000
INPUT FREQUENCY (kHz) INPUT FREQUENCY (kHz) INPUT FREQUENCY (kHz)
SIGNAL-TO-NOISE RATIO PLUS DISTORTION TYPICAL FFT, fiy = 99.5kHz, TYPICAL FFT, fiy = 504.5MHz,
vs. SAMPLING RATE (fin = 99.5kHz) 8192 VALUE RECORD 8192 VALUE RECORD
85 5 0 < 0 >
i g 15 : 15 :
84 = -30 2 -30 g
% 3
g & ——tHHHH—+H B 60 S -60
2 T S 15 S 75
= = =
S ) T -9 i T -0
= Il =
T 05 [t = 105
81 120 -120
-135 -135
80 150 -150
01 1 10 0 200 400 600 0 200 400 600
SAMPLE RATE (Msps) FREQUENCY (kHz) FREQUENCY (kHz)
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(AVDD = +5V 5%, DVpp = DRVpD = +3.3V, VRFPs = +3.5V, VRENS = +1.5V; VoM = +2.5V, differential input, fcLk = 2.048MHz,
calibrated, Ta = +25°C, unless otherwise noted.)
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0000000000 00000000000
1 ST_CAL STCAL=000000000
STCAL=1000000000000000
2,4,5 AGND 0oO0o0oooo
3,6 AVDD 0000000+5V +5%
7 DOR 000000000000000
8 D15 000 15(MSB)
9 D14 o004
10 D13 0oo13
11 D12 0oooi12
12 D11 0Doo11
13 D10 00010
14 D9 ooo9
15 D8 ooos
16 DRVDD 000000000000 0000+3VO+5.25V0 DRVppL DVpp
17,28, 29 DGND G
18 D7 ooov
19 D6 oooe
20 D5 ooos
21 D4 ooo4
22 D3 0ooos3
23 D2 ooo2
24 D1 ooo1
25 DO 0 0 O O(LSB)
26 TESTH 00000100000000000
27,30 DVpD 00000000+3V0 +5.25V
31 CLK 000000000000000000AVpp 00000000000
49 DAV 000000000000000000000000000000000000000000
D0D000000000000O0
33 OE 00000000OE=00DO0DIS00DORIONNNNNNN000E=10000000000000C0
34 TESTO IEEEEREEEEEE R
35 CM 0000000000000000000000000000000000000000
36 RFPF 00000000000000000
37 RFPS 0000000000000000
38 RFNF 00000000000000000
39 RFNS 0000000000000000
40 INP 00000
41, 42 N.C. 0000000000000000
43 INN 0oooo
000000000000000000000
44 END_CAL |END CAL=000000000000000
END CAL=1000000000
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gobbooboooooooboooooooobooooo
ooboooooOoobooooboooooobboooon
gobobDOOoINPOOINNODDOOODOOODOO
dddddooooooooooooooooooo
END CALO OO @ OO0OO0O0O0Oooooooooono)
gbooooAbCOObOOOOOoOooOoooooogn

gooooooooooogooogMAXizoogdd
0000000 DOD0DESwOoOOo0OOO00oooo
gdoddoooooooooo=«20000b0o0Oo0O
gbobooobodbobobooooobuaboooan
goooooogo

N
N+1
AN A2 W
' N+2 N+3

D loH— -

:w—h‘ = 1oL
CLK |
SV g _|_|_|_|_|_|_|_|_|_|_|_|_
cLock — |
tg-» -

DAV o

DO-DI5 | -+ =lop
YN X N2 X N1 X N XNt X

7. 000000000

MAXIMN

o LML L UL

ST.CAL _— [~ P\\\ N\
|« MIN 4 to ks>

END_CAL

|«+—17,400 CLK CYCLES —»]

08. JOoooOoooOooooboooboooboono

|

L tac | | tReL |
D0-D15 ! !

|
DOR z X

Z = HIGH IMPEDANCE (THREE-STATED)

09. 000000000 O000000000—
000000O0(OE) D00
200000000

MAX12000 20 0000000000DOO0O0O0OD12
ooooOO0O000o0ooooobob200000000
gboboooboobooboooo

goggoooodd

000000 (SNR)

000000000000000000000000
D0O000O0O0OSNROODOOOOOOOOOOO
(RMSO)ORMSO OOOOO(@OOOO)DOOOO
00000000000 00000000000000
0000000000ADCOOOONOOD)DO00
00000000

SNR(MA)(): (6.020N + 1.76)dB

goooobooobobooboboobooboooobao
ooboooboobooobooobooobooooooon
Uo0oo0ooOooboO0OSNRODOOODOORMS
oboorMSOOOOOODODOOORMSOOODOOO
boboobOoboboooooooboboebuobon
gopcooooooooood
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Ui1. 200000000

SCALE OFFSET BINARY ONE’S COMPLEMENT TWO’S COMPLEMENT
+FSR - 1LSB 11111111 o111 ... 1111 o111 ... 1111
+3/4FSR 1110 .... 0000 0110 .... 0000 0110 .... 0000
+1/2FSR 1100 .... 0000 0100 .... 0000 0100 .... 0000
+1/4FSR 1010 .... 0000 0010 .... 0000 0010 .... 0000
+0 1000 .... 0000 0000 .... 0000 0000 .... 0000
-0 —_— —_— 11111111
-1/4FSR 0110 .... 0000 1110 .... 0000 1101 ... 1111
-1/2FSR 0100 .... 0000 1100 .... 0000 1011 ... 1111
-3/4FSR 0010 .... 0000 1010 .... 0000 1001 ... 1111
-FSR +1LSB 0000 .... 0001 1000 .... 0001 1000 .... 0000
-FSR 0000 .... 0000 1000 .... 0000 _

00000+00 (SINAD)

SINADOOOOOOOOORMSOOOOOOOOO
ADCOOOOOOoOgno

S|NAD(dB) = 20|Og[(|] a RMS/(D oo +00 )RMS]

000000 (ENOB)

ENOBO OO ODDDODODDODODODDOODODODDDODOD
obOoADCOOO0OO0OODOOO0OOOOOOADCOOO
goooooobooooobooooboooooon
ADCOO0OO0OO0OO0O0DO0OO0ODOO0OO0DOOO0DOO0ODbOn
goboooooooao

ENOB = (SINAD - 1.76)/6.02

000000 (THD)

THDOOODOOOOOOos9uoooOoorMSOOOOO
oboboooooooooooooooboooonn

2 2 2 2
V2 +V3 +V4 +'-‘+V9

THD = 20log \/(

Vi

ooboovi00ooooooovevoi20090000
oopoooon

000000000000 00000(SFDR)

SFDROOOO@OOOOO)YODOOOOOOODOO0OO
go(@codoooooo)orRMsSOoooono
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oboooobooobobooooboonbMAX1i2o000
obobOooooboobdobilie0c00obOOoOOOOO
gooooooboooooooooobooboooooaoo
ooboooooobooooooboobooOooon
OOSNROOSFDROODOODOOOOOOOODOOODO
OOoOooooooEM)OMAXLI20000000000
gbooboooooboboMAXizooooogoooog
oobooooooooboooboboooboooooog
goboooobobooboboooobobooobo

ooboooobooooboooboboooboOoooooa
oooooo@eeB)oooogooooooogoon
oobooooObObOO0O000000o0o0o0o0nnMAX1200
O000D0O0O0o00oboOOo0Ooooo@OOOAGND
OODGND)OOOOOOoOOoOooOoOooooooooo
goooboooobooooobobocoooooooono
cooooooOooooogoooooooo@oao
ooo0)§ oooooooobOooooooooooo
yddodddooooooooooooooooooboo
gboboobooboooobooboooooooooooon
gbobobobooboboooooooooooobooon
oood

MAX12000 30 000000000000000000
0000 Vpp(AVpp)D 00000 Vpp(DVpp)D O O O
0 O Vpp(DRVpp)C O O O AVppD O O 0.1uF0 0.001pF
0000000000000000000000000
000000000000 000000O0OO0OO
00000000000C0C0000000000000

MAXI N




+5VOOOoohiIMspsii160] 0]

oooonoonoononnnAbC

gboooboobooboobobvpphoobonono
O.1pyFO0000000000OOOCOCOOOOODODODOO
DRvppU OOOO0OO0OOO0OO0O0DOOOO0DOOO0OD
oobooooooobooboooobooobooooon
gooboboogooozopFrO0onobobooooonn
DRvppU OO UOOOUOOOOOOOOOooOogan
gjddddooooooooooooooooooboo
gbogoon

goooooobooooooooobobobooooooo
ubbdouobouboobobooboobooobooon
goboooboooobooobobooobooboooobooa
gboboboobooboobooooooooboaoaon
ooooooooooood

MAX12000 0000000 0+5v0+3vO000000
0000000000 (AVpp)D+5V(typ)D 00000
DVppO DRVppOd 00000000000 D000 DVpp

MAXIMN

O0OO0ODRVppOOODOOOOODO0O0O0O0OOOOOOO
000003.3VO000DRVppD 0000 DVppd OO0
00000+5v00000000000000000
000000+3.3V0 00 DRVppd DVppD 00000
00000000000 +5V000DRVppd 0000
0000O0+3.3v000DVppD 0000000000
00 2)0

2. Dogoboboooon

AVDD DVpD DRVpD ALLOWED/
V) (V) V) NOT ALLOWED
+5 +5 +5 Allowed
+5 +5 +3.3 Allowed
+5 +3.3 +3.3 Allowed

Not
+5 +3.3 +5 Allowed
ooooo

TRANSISTOR COUNT: 56,577
SUBSTRATE CONNECTED TO AGND
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ooooo
£
MILLIMETERS INCHES 3
DIM MIN MAX MIN MAX i
A [2.032 [2.388 [0.080 [0.094 g
AlLl0.102 [0254 [0.004 [0.010
A2[1.930 [2134 [0.076 [0.084
b 0305 [0.457 |o0.012 [0.018
c [0.102 [0254 [0.004 [0.010
D [12.954[13.462 | 0510 [0.530
D1[9.906 [10.109 [0.390 [0.398
D3| 8.000 REF 0.315 REF
E [12.954]13.462 [ 0510 [0.530
E1[9.906 [10.109 [0.390 [0.398
£3] 8000 REF 0.315 REF
e | 0.800 REF 0.0315 REF
L (0635 [0940 [0.025 [0.037
a0 [0 ‘0 [-10
A A2
a
| L
Al L] !
NOTES: DETAIL //A// S
1. DI&E1 DO NOT INCLUDE MOLD FLASH. /VI /J K I /VI
2. MOLD FLASH OR PROTRUSIONS PROPRIETARY [NFORMATION
NOT TO EXCEED .254mm<.010". TITLE:
3. CONTROLLING DIMENSION: MILLIMETER. PACKAGE OUTLINE, MQFP, 44L
4. MEETS JEDEC MO-108-AA-2. AreRavas POCCHENT CONTROL 10 e 1/
21-0826 C |1
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NOTES

/DDDDD )

<FIN-IPIRREH

0169-005100000000003-30-16100001000
_ ) TEL (03)3232-6141 FAX. (03)3232-6149
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