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MAX5308/MAX5309

B, BIUYF, AoIN10EY FERELTIDAC
SYPNA2Z 71— 1H

ABSOLUTE MAXIMUM RATINGS

VDDIO GND ..o
All Other Pins to GND......oocoviiiiiiii,
Continuous Power Dissipation (Ta = +70°C)

16-Pin TSSOP (derate 9.4mW/°C above +70°C) ......... 775mW

-0.3V to +6V
-0.3V to (Vpp + 0.3V)

Maximum Current into Any Pin ..o +50mA

Operating Temperature Range
Junction Temperature
Storage Temperature Range
Lead Temperature (soldering, 10s)

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 = +2.7V to +5.5V, GND = 0, VRer = Vpp, CL = 200pF, RL = 2kQ, Ta = TMIN to Tmax, unless otherwise noted. Typical values are

at Vpp = +5V, Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS

STATIC ACCURACY (Notes 1, 2)

Resolution N 10 Bits
Integral Nonlinearity INL +0.5 +2 LSB
Differential Nonlinearity DNL Guaranteed monotonic +0.5 LSB
Offset Error (Note 3) VoE +60 mV
Offset Error Temperature Coefficient + pv/eC
Gain Error (Note 3) VGE 0.1 £1 cy;;SOf
Gain Error Temperature Coefficient +5 ppm/°C
REFERENCE INPUT

Reference Input Voltage Range (Note 4) VREF 0.8 VbD Vv
Reference Input Impedance RREFIN 135 200 265 kQ
Reference Current IREFPD In power-down mode 1 10 uA
DAC OUTPUTS

Output Voltage Range With no-load 0.020 Vop - \

0.020
DC Output Impedance 0.5 Q
Capacitive Load CL 500 pF
Resistive Load RL 2 kQ
o VpD = +5V 33
Short-Circuit Current mA
Vpp = +2.7V 20

Wake-Up Time From shutdown mode 24 us
2 MAXIV




Eh. BIUYF, o510y FERELTIDAC
SYPA2Z71—X1F

ELECTRICAL CHARACTERISTICS (continued)

(Vbp = +2.7V to +5.5V, GND = 0, VRer = VDD, CL = 200pF, RL = 2kQ, Ta = TMIN to TmAX, unless otherwise noted. Typical values are
atVpp = +5V, Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
DIGITAL INPUTS (SCLK, DIN, CS, LDAC, CLR—MAX5309)
) Vpp = +5V +10% 2.4

Input High Voltage ViH Y
Vpp= +3V £10% 2.1
Vpp= +5V £10% 0.8

Input Low Voltage ViL Y
Vpp= +3V £10% 0.6

Input Leakage Current IIN All digital inputs 0 or Vpp +0.1 +10 pA

Input Capacitance CIN 10 pF

DIGITAL OUTPUT (MAX5308)

Output Low Voltage VoL ISINK = TMA 0.5 V

. _ VoD -
Output High Voltage VoH ISOURCE = TmA 05 Vv

DYNAMIC PERFORMANCE

Voltage-Output Slew Rate SR Positive and negative 1 V/us
Voltage-Output Settling Time ts FFHhex to 2FFhex 5 us

Code 0, all digital inputs from 0 to

Digital Feedthrough 0.5 nv-s
g g VoD
DAC Glitch Impulse Major carry glitch 2 nV-s
DAC Output Noise 600 HVp-p
DAC to DAC crosstalk 0.5 nv-s
POWER REQUIREMENTS
Supply Voltage Range VbD 2.7 55 vV
All digital inputs at 0 or Vpp, 15 17
VpD = VREF = +5.5V
All digital inputs at 0 or Vpp,
) 1.1 1.3 mA
Supply Current with No-Load (Note 5) DD VDD = +5.5V, VREF = +1.2V
All digital inputs at 0 or Vpp, 13
VDD = VREF = +3V '
Shutdown mode 1 10 pA

MAXIV 3
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MAX5308/MAX5309

B, BIUYF, AoIN10EY FERELTIDAC
SYPNA2Z 71— 1H

ELECTRICAL CHARACTERISTICS (continued)

(Vbp = +2.7V to +5.5V, GND = 0, VRer = VDD, CL = 200pF, RL = 2kQ, Ta = TMIN to TmAX, unless otherwise noted. Typical values are
atVpp = +5V, Ta = +25°C.)

PARAMETER ‘ SYMBOL | CONDITIONS MIN TYP MAX | UNITS

TIMING CHARACTERISTICS

Serial Clock Frequency fscLk 0 15 MHz
SCLK Pulse Width High tCcH 33 ns
SCLK Pulse Width Low tcL 33 ns
CS Fall to SCLK Fall Setup Time tcss 16 ns
SCLK Fall to CS Rise Setup Time tCSH 20 ns
LDAC Pulse Width Low tLDACPWL 20 ns
CLR Pulse Width Low tcLRPWL | MAX5309 only 20 ns
DIN to SCLK Fall Setup Time tDs 16 ns
DIN to SCLK Fall Hold Time tDH 10 ns
CS Pulse Width High tcSPWH 20 ns
SCLK Rise to DOUT Fall tspL Load capacitance = 20pF 50 ns
SCLK Rise to DOUT Rise tSDH Load capacitance = 20pF 50 ns

Note 1: Static accuracy tested without load.

Note 2: Linearity is tested within codes 1Dhex to 3E3hex.

Note 3: Gain and offset tested within codes 1Dhex to 3E3hex.

Note 4: Static accuracy specifications valid for VRer = 1.2V to Vpp.
Note 5: Current scales linearly between these two extremes of VREF.
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=54 \EIUwF, AoIN10EY FEEHIDAC
B . . 2= |
g
SYUPNL>Y T —XT
EEEHERG
(VbD = +5V, Ta = +25°C, unless otherwise noted.)
INTEGRAL NONLINEARITY DIFFERENTIAL NONLINEARITY REFERENGE VOLTAGE INPUT
vs. DIGITAL INPUT CODE vs. DIGITAL INPUT CODE FREQUENCY RESPONSE
0.20 . 0.040 s 5
0.15 g 0.030 Z ~—_ .
0.020 [N H = T~
0.10 3 2 -5 ~
— ’ & 0010 5
3 3 S
= 0.05 2 0 ; 10
-0.010 =
0 2
-0.020 i -15
-0.05 ‘ l VRer SWEPT 1Vp_p
' -0.030 RL =2k, | = 200pF
-0.10 -0.040 -20 ‘ ‘
0 200 400 600 800 1000 0 200 400 600 800 1000 0 100 200 300 400 500
DIGITAL INPUT CODE DIGITAL INPUT CODE FREQUENCY (kHz)
SUPPLY CURRENT SUPPLY CURRENT
SUPPLY CURRENT vs. TEMPERATURE vs. REFERENCE VOLTAGE vs. SUPPLY VOLTAGE
1.105 T i B 13 ‘ ‘ = 1.00 T s
N VRer =425V |2 E Ta=-40°C ‘ 2
1100 N CODE=000 |2 12 Vop = 45V - g
= g =
1095 = L] _ }f
= \ £ 11 £ /
= 1.090 = = =090
= AN = 10 N Z f
£ 1.085 \ g /7 & 085 Tp=+25°C
S 1.080 \ S Voo = 43V S L\
= = =
S 1.075 > = 080
@ 08 Ta=+85°C
1.070 N
0.7 075 VReF = +1.2V
1.065 CODE =000
1.060 06 070 L 11
4 20 0 20 40 60 80 0 0510 15 2.0 25 30 35 40 45 50 55 0 0510 15 2.0 25 30 35 40 45 50 55
TEMPERATURE (°C) REFERENCE VOLTAGE (V) SUPPLY VOLTAGE (V)
SUPPLY CURRENT vs. SUPPLY VOLTAGE FULL-SCALE ERROR
(CODE = 3FFHEX) SOURCE-AND-SINK CURRENT CAPABILITY vs. REFERENCE VOLTAGE
1.80 5 6.0 T T T T T 8 0 g
H 55 |Vpp=VReF=+5V CODE = 3FFHEX | H H
175 Z 50 SOUHCIN/G CURRENT FROM OUT_|2 . J / :
= Ta =-40°C 45 ~~ / 2 L/
E \ / 2
=170 [T Ta=+25°C 40 ~/ = )y
= = 35 | 2 -1.0
= = 20 [ cobe=toohex, TN T AN & /
S 165 N 5 30 | SINKING CURRENT N/ o /
g Th=485°C = 25 | INTOOUT / 3 15
£ 160 - 20 =Y A . /
2 s CODE-300HEX,| 2 L/
: 7% | SOURCING CURRENT 20 ~
1.55 VRgr = +1.2V ] 10 |~ CODE - 000KEX, | FROI\{I 0UT_ Vpp = +5V, CODE = 3FFHEX
CODE = 3FFHEX 05 “I™ SINKING CURRENT INTO OUT_ ™| NORMALIZED TO Voer = 45
| | —
1.50 0 225

MAXIMV

0 0510 15 2.0 25 3.0 35 40 45 50 55
SUPPLY VOLTAGE (V)

0 5 10 15 20 25 30
ISOURCE/SINK (MA)

005 10 1.5 20 25 3.0 35 40 45 50
REFERENCE VOLTAGE (V)
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MAX5308/MAX5309

B, BIUYF, AoIN10EY FERELTIDAC
SYPA 22T -1

REEFERHEESE)

(VpD = +5V, Ta = +25°C, unless otherwise noted.)

FULL-SCALE ERROR (LSB)

FULL-SCALE ERROR vs. LOAD CURRENT

REFERENCE FEEDTHROUGH AT 1kHz,

RL = 2kQ, G = 200pF

MAX5308 toc11

DAC-TO-DAC CROSSTALK

0 - MAXSE}UE toc12
N
0.25 N 2
=
N : ouT1
-0.50 : REF, 2V/div
) 2V/div
-0.75 2 o
L ANk
-1.00 \
-1.25
ouT ouT2
50 fvegeosaoey ——HYHHH | Tmvep AC-COUPLED
NORMALIZED TO 0.1mA Tomv/div
_175 | | Ll LIl H RS S PP P
0.1 1 10 400us 10us/div
LOAD CURRENT (mA)
DIGITAL FEEDTHROUGH
- =1. r4
DYNAMIC RESPONSE MAJOR-CARRY TRANSITION SCLK = 1.4MH.
MAX5308 toc1 MAX5308 toc14 MAX5308 toc15
outt s s Cs SCLK
/__\ F Widiv R oo 5V/div V/div
J LJ L 0

10ps/div

VRer =+2.5V, RL = 2kQ,

CL = 200pF

SWITCHING FROM CODE 000HEX TO FFFHEX

Aus/div

VRer = +2.5V, R = 2kQ, C = 200pF

NEGATIVE FULL-SCALE SETTLING TIME

MAX5308 toc16

ouT_

500mV/div

Tus/div

our2
N ourt
AC-COUPLED. prmbefpoaforuc
) AC-COUPLED
sm/div R | smviaiv
400ns/div

VRer = +2.5V, R = 2k, C| = 200pF
CS=+5V,DIN=0
DAC 1 CODE SET to 800HEX

POSITIVE FULL-SCALE SETTLING TIME

MAX5308 o617,

ouT_
500mV/div

Tus/div

MNMAXIN
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B, BIUYF, AoIN10EY FERELTIDAC
SYPNA2Z 71— 1H

D xR1. SUPIAUITI—ZADIER
g 16-BIT SERIAL WORD
lﬂ CONTROL BITS DATA BITS
* MSB LSB
C3 | C2 | C1 | CO D09|D08|D07|D06|D05|D04|D03|D02|DO01| D00 DESC.| FUNCTION
< 0 0 0 0 X X X X X X X X X X 0 | NOP | No Operation
E RESET All Internal Registers.
Power-down DACs, outputs
8 0 0 0 1 X X X X X X X X X X 0 |RESET pulled down with 100K,
n Equivalent to software CLR.
ln 0 0 ] 0 0 DAC | D9-DO to Input Register 1, DAC
* 1 Output Unchanged
< 0 0 ] 1 0 DAC | D9-DO to Input Register 2,
2 DAC Output Unchanged
E 0 ’ 0 0 0 DAC | D9-DO to Input Register 3,
3 DAC Output Unchanged
0 1 0 1 0 DAC | D9-DO0 to Input Register 4,
4 DAC Output Unchanged
0 1 ’ 0 0 DAC | D9-DO0 to Input Register 5,
5 DAC Output Unchanged
0 1 ’ 1 0 DAC | D9-DO0 to Input Register 6,
6 DAC Output Unchanged
1 0 0 0 0 DAC | D9-DO0 to Input Register 7,
7 DAC Output Unchanged
’ 0 0 1 0 DAC | D9-DO0 to Input Register 8,
8 DAC Output Unchanged
D9-DO to Input Registers
] 0 ’ 0 0 DAC | 1-4 and DAC Registers 1-4,
1-4 | DAC Outputs Updated
(Write-Thru).
DAC D9-DO to Input Registers
1 0 1 1 0 5.8 and DAC Registers, DAC
Outputs Updated (Write-Thru).
DAC D9-DO to Input Registers
1 1 0 0 0 18 and DAC Registers, DAC
Outputs Updated (Write-Thru).
y 1 0 1 0 DAC | D9-DO to Input Registers,
1-8 | DAC Outputs Unchanged
Input Registers to DAC Registers
DAC|DAC|DAC|DAC|DAC|DAC|DAC|DAC DAC | Indicated by Ones, DAC Qutputs
1 1 1 0 8 7 6 5 4 3 5 1 X X 0 -8 Updated, Equivalent to Software
LDAC. (No effect on DACs
indicated by 0s.)
X =Don't Care
8 NAXIWI
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MAXIMN INPUT DAC ) > o
MAX5308 > REGISTER [ REGISTER|—] ;° ¥
MAX5309
Al A
T A A A ,——
s > )
INPUT DAC DAC > o
| REGISTER [ REGISTER ™ 5 2
SCLK > A2 3
A A A
SERIAL ? I:
T0 PARALLEL -
DIN | SHIFT REGISTER INPUT DAC DAC oo
| REGISTER | peISTER ™| 3 ¥
NS A
? 1 X A ,_—
(MAX5309) CLR > it a
DAC DAC
—> REGISTER > peisTER ] 4 >
A4 A
* 7y T A ’_—
(MAX5308) DOUT < it o o -
| REGISTER ™ {ReGiSTER[ ™| 5 >
A5
[ T A ’_—
INPUT DAC > oure
—> REGISTER | ReGISTER [ Dg\c z
A 6 AN
b1 X A ,_—
INPUT DAC > o
—> RecisTeR > RecisTeR | 27 ¥
AT JAN
* Iy A A ’_—
INPUT DAC > oute
- REGISTER [—>{REGISTER ™| 5. ¥
A8 A
4* T T A
IDAC
T |
GND e

1., Jr7rooiarOvoR

BCSZENAICLTHEIBENDHY &I, CSHSCLKD
16010 ERTIDRICNAICEDIEIHBE. A
T—HIIRERSINE T, LTI DBITZRKBT D
Je®ICIFCSEBEO—ICREL TR S0\, CSEERA
INIVZADE. 27100y Z(SCLKIE/NA XIFO—D
EBE5THARETY . MAITREIRI7IVA Y
TI—2BEDTAIVITIATITSLTY,

MAXIV

MAX5308/MAX5309D 7 1 £ Z IVABIST TIL/Ny
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EEONOAVUPICEDT. DACLYRYICEEZ
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XIFETDE8DDL I RINBANL DR IDOEEFIC
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B, BIUYF, AoIN10EY FERELTIDAC
SYPNA2Z 71— 1H

K2, DUPNVA2FT7I—ADINT—=P Y ITRC>vy bForav R
CONTROL BITS DATA BITS

C3 [ C2|C1|CO | DAC|DAC|DAC|DAC|DAC|DAC|DAC|DAC| D03 | D02 | D01 | D00 | DESC. FUNCTION
8 7 6 5 4 3 2 1

1 1 1 1 1 1 X X | Power- | Power-Up individual DAC

Up buffers indicated by data in
DAC1 through DACS8. A one
indicates the DAC output is
connected and active. A zero
does not affect the DACs
present state.

1 1 1 1 0 1 X X | Shut- | Shutdown individual DAC
down 1| buffers indicated by data in
DAC1 through DACS8. A one
indicates the DAC output is
high-impedance. A zero
does not affect the DACs’
present state.

1 1 1 1 1 0 X X Shut- | Shutdown individual DAC
down 2| buffers indicated by data in
DAC1 through DACS8. A one
indicates the DAC is shutdown
and the output is connected

to GND through a 1kQ resistor.
A zero does not affect the
DACs present state.

MAX5308/MAX5309

1 1 1 1 0 0 X X Shut- | Shutdown individual DAC
down 3| buffers indicated by data in
DAC1 through DACS8. A one
indicates the DAC is shutdown
and the output is connected
to GND through a 100kQ
resistor. A zero does not affect
the DACs present state.

X =Don’t Care

vy bIOUE—F )7 IVF—EHA(DOUT)
MAX5308/MAX530913. HEERZ 1AL T ICER DOUT(MAX5308)I316-0 v oA 2 ILMEFKTDIN
923DV T NI THEEO vy RO E—RE lIc#HiEF 9, DOUTIISCLKDIZTFY Ty oA B (RBX)
BATNET, 3DDTVY I TUE—RDDSE2D 50nsDIBIE T20pFE R DERENARIBET T,

(Spy hYD22E3), EDACOENDTKANE  pouTIIEBOT/ A 2EF A I—F T —EHT S
100kQ(F7#ILN)DL R ZENLTEAICTZ R EOICEICEPRET, A 73> ELT. DOUTSE
ISBRSNTNET SOBDI Y MIDY(ITY b oy IOy ANICERT B2 EIC&Y. DOUTA
S o21)Av 2 RIIDACOENZS A E—F > ZIRRE EWMEBEAENELESYTILA VYT T —2D
ICLTHEFT, R21I/NT—7 v OV R, RU3D B CEET SN TEET,

Dy MO E—REEEZEJINLIZEHDTY,
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= \{IoUwF, FoZIN10EY FEELIDAC
B, vF. 10y rEBE DA
& L 2
’
SYUPA YT —X T
+5V
soLk | s $
DouT* > MISO* S8
DIN SO
NAXXI/ MICROWIRE
MAX5308 PORT DIN | MOS!
bour > S MAXIM SPYasPI
maxsa0s o, | o ok PORT
CS = 1/0
0 | 1o
*THE DOUT-SI CONNECTION IS NOT REQUIRED FOR WRITING TO THE MAX5308,

BUT MAY BE USED FOR TRANSMISSION VERIFICATION PURPOSES.

CPOL=0,CPHA=0

*THE DOUT-MISO CONNECTION IS NOT REQUIRED FOR WRITING TO THE MAX5309,
BUT MAY BE USED FOR TRANSMISSION VERIFICATION PURPOSES.
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DAC CONTENTS DAC CONTENTS
MSB LSB ANALOG OUTPUT MSB LSB ANALOG OUTPUT
1023 511
Ll 1111 1111 11 VREF (=
1111 1111 11 +VREF(1024) + REF(512)
1
1000 0000  Of +VREF(ﬂ) 1000 0000  Of +VREF(512)
1024
1000 0000 00 ov
512 \ _ +VREF 1
1000~ 0000 00 +VREF (g ) =5 0111 1111 11 -VReEF (£13)
0111 1111 11 +VREF(ﬂ) 0000 0000 01 -V (ﬂ
1024 REF 512
0000 0000  Of REF (=) 0000 0000 00 -VREF (ﬂ): -VREF
1024 512
0000 0000 00 ov
SCLK SCLK SCLK SCLK
MAXI MAXI MAXIM
MAX5308 MAX5308 MAX5308
DIN » DIN pout DIN pout DIN pouT |—>
s » cs s s 70 OTHER
SERIAL DEVICES
X5. EBHOMAXE308DT 1 —F T — &R
DIN »- eee
SCLK »> eee
cST »
082 » T0 OTHER
053 > L SERIAL DEVICES
— ¢cs — ¢s CS
MAXIN MAXI MAXI
MAX5308 MAX5308 MAX5308 see
MAX5309 MAX5309 MAX5309 -
SCLK SCLK SCLK
DIN DIN DIN
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PROCESS TECHNOLOGY: BiCMOS
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B, BIYYF, FosN10Ey FEELITIDAC
SYPA 22T -1

Ny =
(CDTF—=F—MIBESINTND/ NV T—IAKRIG, BHMARMENTNDEIFRY EEBA. BHO/ YT —DIBHIS.
japan.maxim-ic.com/packages = Z ST =\, )
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TSSOP,NO PADS.EPS

Tho % COMMON_DIMENSIONS
% [MILLIMETER NCHES
H i MIN AX MI AX
Al — 10 043
A 005 15 | 002 006
As| 085 095 | .033 037
b 019 .30 | .007 012
[l 0.19 025 | 007 010
c|0.090 020 | .0035 | .008
N [cl 0090 | 0435 | 0035 | .0053
BOTTOM VIEW D [SEE VARIATIONS [SEE VARIATIONS
LB VIEW E] 4.30 450 | 169 177
SEE DETAIL A e 0.65 BSC 026 BSC
e A & H] 625 650 | 246 256
, Ae 0.50 | 070 | 020 | .028
N[SEE_VARIATIONS [SEE VARIATIONS
el 0° 8° 0° 8°

| Cc

(dat= a e ‘\Jf ; T
\_Q 0.10[c gf} ~_{- | f

P D __I SEATING E = EDEC VARTATIONS

PLANE
SIDE VIEW END_VIEW MO-153 | N MILLIMETERS INCHES
MIN. MAX. MIN. MAX.
. AB-1 12 2,90 510 izg ggi
025 AB 20 500 | . S
Y ey " A ]
AD 24 7. K ; ;
____ 1 VITH P"ATING\ | | AE 28 560 1 980 | 378 1 386
by L L l
/
DETAIL A BASE METAL — = l
NOTES! LEAD TIP DETAIL
1. DIMENSIONS D AND E DO NOT INCLUDE FLASH
2, MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0Smm PER SIDE
3. CONTROLLING DIMENSION: MILLIMETER /VI /J K I /VI
4, MEETS JEDEC OUTLINE MO-153, SEE JEDEC VARIATIONS TABLE.
. “N* REFERS TO NUMBER OF LEADS PROPRIETARY INORMATION
THE LEAD TIPS MUST LIE WITHIN A SPECIFIED ZONE. THIS TOLERANCE
ZONE IS DEFINED BY TwO PARALLEL PLANES. ONE PLANE IS THE SEATING PLANE, PACKAGE OUTLINE, TSSOP, 4.40 MM BODY
DATUM [-C-1; THE OTHER PLANE IS AT THE SPECIFIED DISTANCE FROM [-C-1 IN THE APPRIVAL TOCUMENT CONTROL NG, =]
DIRECTION INDICATED. 21-0066 e |lA
Q:F =JL\ =J'|7 } \ -J ﬁia*:t T169-0051 RR&f#IER FEMH3-30-16 (KU 1EI)
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