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PART TEMP. RANGE  PIN-PACKAGE /Nt
(LSB)
MAX5251ACPP  0°C to +70°C 20 Plastic DIP +1/2
MAX5251BCPP  0°C to +70°C 20 Plastic DIP +1
MAX5251ACAP  0°C to +70°C 20 SSOP +1/2
MAX5251BCAP  0°C to +70°C 20 SSOP +1

Ordering Information continued on last page.

Pin Configuration appears at end of data sheet.
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ABSOLUTE MAXIMUM RATINGS

VDD t0 AGND ..ottt -0.3V to +6V
VpD to DGND ... ....-.0.3V to +6V
AGND t0 DGND .....coiiiiiiiieiiicere e +0.3V
REFAB, REFCD t0 AGND .......c.ccoovviriieiinns -0.3V to (Vpp + 0.3V)
OUT_, FB_to AGND.......... ...-0.3V to (Vpp + 0.3V)
Digital Inputs to DGND .......cccceeiiiiiiiiieieeree e -0.3V to +6V

DOUT, UPO to DGND .........cc0cc.ue ...-0.3Vto (Vpp + 0.3V)

Continuous Current into ANy PiN.........cooceeviieenieenieeennen. +20mA
Continuous Power Dissipation (Ta = +70°C)
Plastic DIP (derate 8.00mW/°C above +70°C)................. 640mwW
SSOP (derate 8.00mW/°C above +70°C) .......ccccevvveennee. 640mw
CERDIP (derate 11.11mW/°C above +70°C)................. 889mw

Operating Temperature Ranges

MAXB251_C_P .oeviiiiiiiiiicreeiecee e 0°C to +70°C
MAXS5251 E P oo -40°C to +85°C
MAXB251BMUIP ......coviiiieiiesiiesiee e -55°C to +125°C
Storage Temperature Range ...-65°C to +150°C

Lead Temperature (soldering, 10S€C) ........ccccocvvverveennnen. +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

(Vpp = +3.0V to +3.6V, AGND = DGND = 0V, REFAB = REFCD = 1.25V, RL = 5kQ, CL = 100pF, Ta = TmIN to TmMAX,
unless otherwise noted. Typical values are at Ta = +25°C. Output buffer connected in unity-gain configuration (Figure 9).)

PARAMETER | sSYMBOL | CONDITIONS MIN  TYP  MAX | UNITS |

STATIC PERFORMANCE—ANALOG SECTION
Resolution N 10 Bits

o MAX5251AC/E +0.25  #0.5
'(',l,tce)gi')NO““”eamy INL [ MAX5251BCIE <10 | LsB

MAX5251BMJP +2.0

Differential Nonlinearity DNL Guaranteed monotonic +1.0 LSB
Offset Error Vos +6.0 mV
Offset-Error Tempco 6 ppm/°C
Gain Error (Note 1) GE +2.4 LSB
Gain-Error Tempco 1 ppm/°C
Power-Supply Rejection Ratio PSRR Vpp = +3.0V to +3.6V 100 800 uvIv
REFERENCE INPUT
Reference Input Range VREF 0 Vpp-1.4 V
Reference Input Resistance RREF Code dependent, minimum at code 554 hex 8 kQ

MAXIMN




+3VOooooooionnnnnnlbDAC
Ooooononnonn

ELECTRICAL CHARACTERISTICS (continued)

(Vpbp = +3.0V to +3.6V, AGND = DGND = 0V, REFAB = REFCD = 1.25V, R = 5kQ, CL = 100pF, Ta = TMIN to TMAX,
unless otherwise noted. Typical values are at Ta = +25°C. Output buffer connected in unity-gain configuration (Figure 9).)

PARAMETER ’ SYMBOL ’ CONDITIONS MIN TYP MAX ’ UNITS
MULTIPLYING-MODE PERFORMANCE
Reference -3dB Bandwidth VRer = 0.67Vp-p 650 kHz
Reference Feedthrough Input code = all 0s, VRer = 1.6Vp-p at 1kHz -84 dB
g'g?;'t'izor;'\é‘ztsis Plus SINAD | VRer = 1Vp-p at 25kHz, code = full scale 72 dB
DIGITAL INPUTS
Input High Voltage VIH 2.0 \
Input Low Voltage ViL 0.6 \Y
Input Leakage Current IIN ViN = 0V or VpD 0.01 +1.0 HA
Input Capacitance CIN 8 pF
DIGITAL OUTPUTS
Output High Voltage VOH ISOURCE = 2mA Vpp - 0.5 \
Output Low Voltage VoL ISINK = 2mA 0.13 0.4 \Y
DYNAMIC PERFORMANCE
Voltage Output Slew Rate SR 0.6 Vlius
Output Settling Time To £1/2LSB, VsTep = 1.25V 12 us
Output Voltage Swing Rail-to-rail (Note 2) 0to Vpp \Y
Current into FB_ 0 0.1 HA
gLéTh_UtLdeoe\lllvﬁge Current RL = w 001 41 UA
Start-Up Time Exitin
Shutdo€vn Mode ° 20 us
Digital Feedthrough CS = Vpp, DIN = 100kHz 5 nv-s
Digital Crosstalk 5 nv-s
POWER SUPPLIES
Supply Voltage VbD (Note 3) 3.0 3.6 \Y
Supply Current IbD (Note 4) 0.82 0.98 mA
Supply Current in Shutdown (Note 4) 3 20 HA
Reference Current in Shutdown 0.01 +1 HA

Note 1: Guaranteed from code 5 to code 1023 in unity-gain configuration.

Note 2: Accuracy is better than 1LSB for Vout = 6mV to Vpp - 80mV, guaranteed by PSR test at the endpoints.
Note 3: Remains operational with supply voltage as low as +2.7V.

Note 4: RL = o, digital inputs at DGND or Vpp.

MAXIMN 3
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ELECTRICAL CHARACTERISTICS (continued)

(Vbp = +3.0V to +3.6V, AGND = DGND = 0V, REFAB = REFCD = 1.25V, RL = 5k}, CL = 100pF, Ta = TmIN to TmaAX,
unless otherwise noted. Typical values are at Ta = +25°C. Output buffer connected in unity-gain configuration (Figure 9).)

PARAMETER | sYmBOL | CONDITIONS MIN  TYP  MAX [ UNITS
TIMING CHARACTERISTICS (Figure 6)
SCLK Clock Period tcp 100 ns
SCLK Pulse Width High tcH 40 ns
SCLK Pulse Width Low tcL 40 ns
CS Fall to SCLK Rise Setup Time|  tcss 40 ns
SCLK Rise to CS Rise Hold Time| tcsH 0 ns
DIN Setup Time tps 40 ns
DIN Hold Time tDH 0 ns
SCLK Rise to DOUT Valid
. t CL = 200pF 120 ns
Propagation Delay oL L P
SCLK Fall to DOUT Valid
. t = 200pF 120 n
Propagation Delay D02 CL op s
SCLK Rise to CS Fall Delay tcso 40 ns
CS Rise to SCLK Rise Hold Time | tcs1 40 ns
CS Pulse Width High tcsw 100 ns
ogooood
(Vpbp = +3.3V, Ta = +25°C, unless otherwise noted.)
INTEGRAL NONLINEARITY REFERENCE VOLTAGE INPUT SUPPLY CURRENT
vs. REFERENCE VOLTAGE FREQUENCY RESPONSE vs. TEMPERATURE
0.25 . 0 ‘ ‘ ‘ s 1000 2
g REFAB SWEPT 067Vp-p |5 950 £
0 N\ H R =5kQ =
) o C, = 100pF _ %o
] @ < 850
025 1 = 2 ——
— : 5 8 £ 800
) 1 e & o
< -050 \ 3 E 750
= || Y \ $ 700
H = —
075 i 5 & 650
-100 i * a6 “ 600
R i 550
R, =5kQ CODE = FFC h
-125 \ : 20 N 500 Looom T
0 05 10 15 20 25 0 500k 10OM 15M 20M 25M 3.0M -55-40 20 0 20 40 60 80 100 120
REFERENCE VOLTAGE (V) FREQUENCY (Hz) TEMPERATURE (°C)
4
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(Vpp = +3.3V, Ta = +25°C, unless otherwise noted.)

SUPPLY CURRENT TOTAL HARMONIC DISTORTION
vs. SUPPLY VOLTAGE PLUS NOISE vs. FREQUENCY OUTPUT FFT PLOT
1000 ] 0.50 T T T T T T g 0 T | [ ] g
g DAC CODE = FULL SCALE -
g I g VRer = 1kHz, 0.006V TO 1.6V |
%0 045 perag=1vpp e ROk :
= 900 0.40 *ELi 5kQ = 20 CL = 100pF
< . = 100pF =) |
2 gm0 £ 035 o
= L —T | < a
T 800 4 030 2 40
o o) —
3 0 2 025 IW %
> 700 0 0.20 5 60
& = =
2 6% 0.15 O]
wn
600 0.10 -80 :
%0 [ oD = Frc hex 0.05 |
500 et 0 00 E T e T
27 28 29 30 31 32 33 34 35 36 0.1 1 10 100 05 16 27 38 49 60
SUPPLY VOLTAGE (V) FREQUENCY (kHz) FREQUENCY (kHz)
FULL-SCALE ERROR REFERENCE FEEDTHROUGH
vs. LOAD AT 1kHz
0 == s 0 — ‘ ‘ .
P REFAB INPUT SIGNAL
& 05 ' = 20— Vier = 1.6Vp-p @ 1kHz |
2 3 Re = 5kQ
o w CL = 100pF
2 -10 2 40
[l o
w o
3 2
S 15 S 0
= 5
> b
20 -80 OUTA FEEDTHROUGH
L 1/ | i L L el
25 100 Mh-lhkh
0.01 0.1 1 10 100 05 12 19 26 33 40
LOAD (kQ) FREQUENCY (kHz)
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(Vpp = +3.3V, VRer = 1.25V, RL = 5kQ, CL = 100pF, Ta = +25°C, unless otherwise noted.)

MAJOR-CARRY TRANSITION

MAX5251-07

DIGITAL FEEDTHROUGH (SCLK = 100kHz)

MAX5251-08

SCLK,
2V/div

OUTA,
AC COUPLED
10mV/div

10ps/div 2ps/div
CS=PDL=CL=3.3V,DIN=0V
DAC A CODE SET TO 800 hex
ANALOG CROSSTALK DYNAMIC RESPONSE

MAX5251-12

OUTA,
500mV/div

OUTB,
AC COUPLED
10mV/div

10us/div

DAC A CODE SWITCHING FROM 00C hex TO FFC hex
DAC B CODE SET TO 800 hex

MAX5251-13

OUTA,
500mV/div

10ps/div

SWITCHING FROM CODE 000 hex TO FB4 hex
OUTPUT AMPLIFIER GAIN = +2.6
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3 OUTA DAC AOOOO
4 ouTB DACBODOOO
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6 REFAB DACAOODACBOOOOOOOODOOO
7 CL O0DODACOODOODOODODOOODOODO@UT DuPOODOUTHYOOODDODODO(@MOOODODO)O
8 CS oo0oooOoooOooooOoooooo
9 DIN ooooooooo
10 SCLK gooooooooo
11 DGND ooooooooo
12 DOUT ooooooooo
13 UPO goooooooooooboooo
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20 Vbb ooo
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s MICROWIRE
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CS |« 110

*THE DOUT-SI CONNECTION IS NOT REQUIRED FOR WRITING TO THE MAX5251,
BUT MAY BE USED FOR READBACK PURPOSES.

0 2. MicrowireO O OO

DOUT* P~ MISO* ss
DIN | MOSI
MAXIV
MAX5251 SPI/QSPI
SCLK | SCK PORT
S 10
CPOL=0,CPHA=0
*THE DOUT-MISO CONNECTION IS NOT REQUIRED FOR WRITING TO THE MAX5251,
BUT MAY BE USED FOR READBACK PURPOSES.
03. SPI/QSPID O OO
MSB et LSB
-« l6Bitsof SerialData ————— 3
Address | Control Data Bits
Bits Bits MSB...ovvieeiieieeee e LSB
Al A0 [ Cl CO | D9, DO S1 SO
4 Address/ .
‘_Control Bits_> -€—— 10+2 Data Bits ———>»
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1. gogboboooobboooobbuooobobod

16-BIT SERIAL WORD

D1 U DO FUNCTION

Al A0 | Cl1 CO vse. LsB S1 SO

0 0 0 1 10-bit DAC data 0 0 | Load input register A; DAC registers unchanged.

0 1 0 1 10-bit DAC data 0 0 | Load input register B; DAC registers unchanged.

1 0 0 1 10-bit DAC data 0 0 | Load input register C; DAC registers unchanged.

1 1 0 1 10-bit DAC data 0 0 | Load input register D; DAC registers unchanged.

0 0 1 1 10-bit DAC data 0 0 | Load input register A; all DAC registers updated.

0 1 1 1 10-bit DAC data 0 0 | Load input register B; all DAC registers updated.

1 0 1 1 10-bit DAC data 0 0 | Load input register C; all DAC registers updated.

1 1 1 1 10-bit DAC data 0 0 | Load input register D; all DAC registers updated.

0 1 0 0 YXXXXKXXXX X X Update all DAC registers from their respective input registers (also exit

shutdown mode).

1 0 0 0 10-bit DAC data 0 0 | Load all DAC registers from shift register (also exit shutdown mode).
1 1 0 0 XXXXXXXXXX X X | Enter shutdown mode (provided PDL = 1).

0 0 1 0 XXXXXXXXXX X X | UPO goes low (default).

0 1 1 0 XXXXXXXXXX X X | UPO goes high.

0 0 0 0 XXXXXXXXXX X X | No operation (NOP) to DAC registers

1 1 1 0 XXXXXKXXKXX X X Mode 1, DOUT clocked out on SCLK's rising edge. All DAC registers

updated.

XXXXXXXXXX X X

Mode 0, DOUT clocked out on SCLK'’s falling edge. All DAC registers
updated (default).
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MMAXIV MNMAXIV MNAXIMN
MAX5251 MAX5251 MAX5251
SCLK P SCLK SCLK SCLK
DIN m» DIN DOUT DIN DOUT DIN DOUT f— )
S » cs CsS CS
\. TOOTHER
SERIAL DEVICES
: -
O07. MAX52510 0000000000
—
DIN W .
SCLK -
CS1 »-
CS2 » %~ TOOTHER
= . SERIAL DEVICES
— ¢s — cs L cs
MAXIM MAXIM MAXIM -
MAX5251 MAX5251 MAX5251
SCLK SCLK SCLK
DIN DIN DIN

08. 000OMAXS52510000DINODODOOOO

12

MAXIMN



+3VOooooooionnnnnnlbDAC
ogooooooononn

gbobodgbogon oooo0ooo

MAX5251000000110000000000000

gbobooobobon
VOUT:VREF[(ZNB/1024)'1]

O0O0OONBODACOODOOODOOOODOODOOOO
030001100000 0000000@O0ODOO
gooOo)ydooooooooooopooood

ggooggo

ooboooobooooobooooobooooboobooooo
bo0oooocobooooogoonoMAXs251000
ocooooooooOooo@ooooooooooo
oooO0)yoz200000000000000000O0

oboooobooooboboooboooloonobOonn
gooooooboooMAXS25100000000
oooobooO+2.e00000D0DOO1.25v0O0000O
gooooooooobooboovogs.2svooooooao
gbooooboboooboobobooo

AL/ REFERENCE INPUTS 83V
MAX5251
2. 0O00O0ogoooo REFAB REFCD Voo FBA
\ L
DAC CONTENTS s
MSB LSB ANALOG OUTPUT DAC A >
+ OUTA
1111 1111 11(00) +Vrer (2023 Fes
1024 \ B
513 DACB >
1000 0000 01(00) +VREF ET . 0UTB
FBC
1000 0000 00(00) +Vrer (222 )= FVREF Y L
1024 2 >
DACC
0111 1111 11(00 +V, 511 g e
(00) ReF (=027 FBD
Y |_
1 +V DACD
0000 0000 01(00) rer ( 1024) > e
0000 0000 00(00) ov AGND  DGND
03. J0dogoooono -

DAC CONTENTS oo go. 0ooooooono

VISE UsB ANAL UTPUT
511

1111 1111 11(00) +Veer (335

1000 0000 01(00) +VRer (—=- 512 )

1000 0000 00(00) ov

0111 1111 11(00) -VRer ( 512)
511

0000 0000 01(00) -Vrer ( 2

0000 0000 00(00) -VRer (222 512 2 )= -VRer

() Sub-bits

ooooooboooooooocooooobooooo

MAXIMN 13

TGZGXVIN



MAX5251

+3VOooooooionnnnnnlbDAC

OOoOooooonnnnn
JMMAXIAAN  REFERENCE INPUTS 433V
MAX5251
REFAB REFCD Voo A 10k
> [ o ==
DAC A -l
. OUTA
FBB 10k
! [ 1k —
DACB > - =
. ouUTB
FBC 10K
: [ 16—
DACC > .| =
. ouTC
rBD 10K
Y [ L —
e > [
. ouTD
AGND  DGND

VReraB = VRercp = 1.25V
16k
=]+ = =2.
Av=1+ 00 =26

o

0i10. DOooooooooooOooboooobooon

ACODOOODOODOOO

MAXS251000000000ACODOOO0O0O0DOO0O
gotoddoododoodooooooooooooo
ooooboooooboboobooilzz0oooooooon
O00D000000ooDoDOooooooo@conog
REFAB/REFCDODOOO0OOOODOOOOOODOO
O)YooobooDOoooobeNDOOOOooooooo
gboboooboabaoo

MAX52510 00000000000 (THD+N)JO
00000004Vp-p0 0000000 025kHzO O
0@O000000000)-72dB00 (typ)D DM OO
0000MO0000000000000-3dBO0
00650kHz00000000

gobogoboogooogbog

0i130oooooooooooooooooooon
O0OOOONPNODODOOOO((2N39040)0D000
oboooooooobooooboooooooon
obo0ooooOoooobooobooooboooooan
obOo04mA020mAO0O0OOOODOOOOOOOO
oobooboobOooboooboooon

lout = (VREF/R) X (NB/1024)

gbOooNBODACOUODOOOOODOODOOORO
0130 00b000oo0oooooo

R1 R2

REF_

FB_

Vout

DAC

ouT_

+

MAXIN

MAX5251 R1=R2=10kQ £ 0.1%

+3.3V B> ®
A MAXIM
REFERENCE 1/2 MAX492
INPUT
>—| R
500mVp-p 10k REF_ Voo
DAC_ ouT
. _
MAXIW
MAX5251
AGND DGND
L

U1l1. gooooaoan

14

012. ACOO0OO0OO0OOOO0O0OO

MAXIMN




+3VOooooooionnnnnnlbDAC

oggg
REF_
MAXIM v TOP VIEW
MAX5251 -
|
DAC_ l T AGND E ) El Vbp
OUT_ 1" on3904 FBA E E FBD
outa [ 3] 18] outD
FB_ oute (4] amaxia | ourc
reB[5| MAX5251  |i6] Fec
R ReFAB [ 6| 15] rerco
1 al7] 14] PDL
B cs [ s] 13] uro
013. 0000000000000 0000 on[s| 12] oour
SCLK @ E DGND
booooooo DIP/SSOP
00000000000 000O0ODACOODOOO
O00(@O0O00000)00obouToOoOoOooOO

ooo@oboooobooooooooobooooooooo
pouTdoooooOOoO)d

MAX5251000000000000000000
REFAB/REFCDO (Vpp-1.4V)0 000000000
00VppO O4.7pF0000000.1yF0 000000
D0O0O0OO0OAGNDOOOODOODOOOOCOOOOO
000000000000000000000000
000000000000000

goobooooboo

AGNDODGNDOOOOOOOOOOoACOODOOOOO
ooboooboooooboooboboooobooooo
OOoOoODOAGNDODGNDODACOODODOOOOOO
ooboooboooobooobobooooboooo
oood

godooooooouoooooooooooooa
goo0oobACOOO0OO0OO0OO0O0O0OOO0DbDOOOO0O0OOn
goodooooooooooooooooooooa
oobooobOoooobooooboooooobooon
gobobooooobobobobooobobobobg
ubuoodbooooaodan

MAXIMN

15

TGZGXVIN



MAX5251

+3VOooooooionnnnnnlbDAC

goonooooononn

0o@o)
PART TEMP. RANGE PIN-PACKAGE INL

(LSB)

MAX5251AEPP -40°C to +85°C 20 Plastic DIP +1/2

MAX5251BEPP -40°C to +85°C 20 Plastic DIP +1

MAX5251AEAP -40°Cto +85°C 20 SSOP +1/2

MAX5251BEAP -40°C to +85°C 20 SSOP +1

MAX5251BMJP -55°Cto +125°C 20 CERDIP* +2

gooog

TRANSISTOR COUNT: 4337

*Contact factory for availability and processing to MIL-STD-883.
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O * D SEE VARIATIONS
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* T 7 H | 0301 | 0.311 | 7.65 | 7.90
— L | 0025 | 0037 | 063 | 095
c L a | o g’ 0 g

INCHES |MILLIMETERS

DIMPINS Py N TMAX | MIN | MAX

e D | 14 |0.239|0.249 | 6.07 | 6.33

+| |¢ * SSOP D | 16 |0.239]0.249 | 6.07 | 6.33

)] \ D | 20 |0.278|0289| 7.07 | 7.33
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