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12 DAC

ABSOLUTE MAXIMUM RATINGS

Vpp to AGND -0.3V to +6V Continuous Power Dissipation (Ta = +70°C)

Vpp to DGND -0.3V to +6V 16-Pin QSOP (derate 8.30mW/°C above +70°C)....... 667mwW
AGND t0 DGND ...t +0.3V Operating Temperature Ranges

OSA, OSBto AGND..........ccoveenn. (VAGND - 4V) to (Vpp + 0.3V) MAXBT104CEE ..o 0°C to +70°C
REF_, OUT_to AGND..........oooviiiiiiiiens -0.3Vto (Vpp + 0.3V) MAX5104EEE ...-40C° to +85°C

Digital Inputs (SCLK, DIN, CS, Junction Temperature ... +150°C

CL, PDL) to DGND ....ooiiiiiiiiiccce (-0.3V to +6V) Storage Temperature Range ...........cccoceeovenn. -65°C to +150°C
Digital Outputs (DOUT, UPO) to DGND......-0.3V to (Vpp + 0.3V) Lead Temperature (soldering, 10S€C) ........ccccvvvveirinnnn. +300°C
Maximum Current into Any Pin ..o, +20mA

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 = +5V +10%, VREFA = VREFB = +2.048V, R = 10kQ, C|_ = 100pF, Ta = TmIN to TmAX, unless otherwise noted. Typical values
are at Ta = +25°C (OS_ connected to AGND for a gain of +2V/V).)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
STATIC PERFORMANCE
Resolution 12 Bits
Integral Nonlinearity INL (Note 1) +4 LSB
Differential Nonlinearity DNL Guaranteed monotonic +1 LSB
Offset Error Vos Code =10 +10 mV
Offset Tempco TCVos | Normalized to 2.048V 4 ppm/°C
Gain Error -0.2 +8 LSB
Gain-Error Tempco Normalized to 2.048V 4 ppm/°C
Vb Power-Supply PSRR | 4.5V <Vpp<5.5V 20 600 | LNV

Rejection Ratio

REFERENCE INPUT
Reference Input Range REF 0 Vpbp-1.4 \

Reference Input Resistance RREF Minimum with code 1554 hex 14 20 kQ
MULTIPLYING-MODE PERFORMANCE

Input code = 1FFE hex,

Reference 3dB Bandwidth VREF. = 0.67Vp-p at 2.5Vpo 300 kHz
Input code = 0000 hex,

Reference Feedthrough VREF. = (VDD - 1.4Vp-p), f = 1kHz -82 dB

Signal-to-Noise plus Input code = 1FFE hex,

Distortion Ratio SINAD VRer_ = 1Vp-p at 1.25Vpc, f = 25kHz 75 ds

DIGITAL INPUTS

Input High Voltage VIH CL, PDL, CS, DIN, SCLK 3 \

Input Low Voltage ViL CL, PDL, CS, DIN, SCLK 0.8 v

Input Hysteresis VHYS 200 mV

Input Leakage Current lIN VIN =0to Vpp 0.001 +1 uA

Input Capacitance CIN 8 pF

2 MAXIMN
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DAC

ELECTRICAL CHARACTERISTICS (continued)

(Vpp = +5V £10%, VREFA = VREFB = +2.048V, R = 10kQ, C|_ = 100pF, Ta = TMIN to TMAX, unless otherwise noted. Typical values
are at Ta = +25°C (OS_ connected to AGND for a gain of +2V/V).)

PARAMETER ’ SYMBOL ‘ CONDITIONS MIN TYP MAX UNITS
DIGITAL OUTPUTS (DOUT, UPO)
Output High Voltage VOH ISOURCE = 2mA Vpp-0.5 V
Output Low Voltage VoL ISINK = 2mA 0.13 0.40 V
DYNAMIC PERFORMANCE
Voltage Output Slew Rate SR 0.75 V/us
Output Settling Time To 1/2LSB of full-scale, VsTEP = 4V 15 us
Output Voltage Swing Rail-to-rail (Note 2) 0to VpD V
OSA or OSB Input Resistance Ros_ 24 34 kQ
Time Required to Exit Shutdown 25 us
Digital Feedthrough CS = Vpp, SCLK = 100kHz, VscLK = 5Vp-p 5 nvs
Digital Crosstalk 5 nVs
POWER SUPPLIES
Positive Supply Voltage VbD 4.5 55 \
Power-Supply Current IDD (Note 3) 0.5 0.65 mA
Eogﬁdigg\?vgly Current IDD(SHDN) | (Note 3) 2 10 pA
Reference Current in Shutdown 0 +1 uA
TIMING CHARACTERISTICS
SCLK Clock Period tcp (Note 4) 100 ns
SCLK Pulse Width High tCH 40 ns
SCLK Pulse Width Low tcL 40 ns
CS Fall to SCLK Rise toss 40 ns
Setup Time
SCLK Rise to CS Rise s 0 ns
Hold Time
SDI Setup Time tDS 40 ns
SDI Hold Time tDH 0 ns
3;|i_dKPF:(|)SSat§a3§nUgelay 1ot CLoAp = 200pF 80 ns
O ey | 002 | cloo=200r | -
SCLK Rise to CS Fall Delay tcso 10 ns
CS Rise to SCLK Rise Hold tcsi 40 ns
CS Pulse Width High tosw 100 ns

Note 1. Accuracy is specified from code 6 to code 4095.
Note 2: Accuracy is better than 1LSB for VouT_ greater than 6mV and less than Vpp - 50mV. Guaranteed by PSRR test at the

end points.

Note 3: Digital inputs are set to either Vpp or DGND, code = 0000 hex, R = .
Note 4: SCLK minimum clock period includes the rise and fall times.

MAXIMN
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(Vpp = +5V, RL = 10kQ, C|_ = 100pF, OS_ pins connected to AGND, Ta = +25°C, unless otherwise noted.)

RELATIVE QUTPUT (dB)

REFERENCE VOLTAGE INPUT

TOTAL HARMONIC DISTORTION

FREQUENCY RESPONSE SUPPLY CURRENT vs. TEMPERATURE PLUS NOISE vs. FREQUENCY
~ 5 700 g -30 T TTTTTT g
\ s 5 VRer = +1Vp-p AT 2.5Vp¢ s
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(

)

(Vpp = +5V, RL = 10kQ, C|_ = 100pF, OS_ pins connected to AGND, Ta = +25°C, unless otherwise noted.)

SUPPLY CURRENT (mA)

MAXIMN

0.60

o
o
)]

o
o
S

o
~
o

0.40

DYNAMIC RESPONSE RISE TIME

MAX5104 toc08

2us/div
VRer = +2.048V

SUPPLY CURRENT vs. SUPPLY VOLTAGE

|
CODE = 1FFE (HEX)

i

MAX51504 toc10

CODE = 0000 (HEX)

4.50 475 5.00 525

SUPPLY VOLTAGE (V)

5.50

ANALOG GROSSTALK

MAX5104 toc12

250us/div
VRer =+2.048V, GAIN = +2V/V, CODE = 1FFE HEX

cs
5V/div

ouT_
1V/div

OUTA
5V/div

0uUTB
200uV/div
AC-COUPLED

DYNAMIC RESPONSE FALL TIME

\

VRer = +2.048V

2us/div

MAJOR-CARRY TRANSITION

£

MMWMWWWWW

f

Sus/div
TRANSITION FROM 1000 (HEX) TO OFFE (HEX)

DIGITAL FEEDTHROUGH

=
3
15
2
Ed
=

MAX5104 toc09

MAX5104 toc11

2 5us/div

S
5V/div

ouUT_
1V/div

[
2V/div

0uT_
50mV/div
AC-COUPLED

SCLK
5V/div

0UTA
500uV/div
AC-COUPLED
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1 AGND
2 OUTA | DAC A
3 OSA | DACA
4 REFA | DAC A R
5 CL DAC ov
6 CS REF_
8 SCLK
9 DGND 1. DAC
10 DOUT
14kQ (1554 hex)
11 UPO GQ ( 0000 hex)
__ PDL
12 PDL 0 15pF(typ)
13 REFB | DAC B SOpF
14 OSB | DACB
15 OUTB | DACB MAX5104 0OS_ AGND
16 VbD +2VIV
0.75V/us(typ)  1/2LSB
MAX5104 12 DAC 3 10kQ 100pF 15ps
16 / 2K
DAC DAC OS_
( 1V
) 0S_ -1v
+2V/V 1V (1V+VREF 2) DAC
DAC DC
DAC
R-2R
DAC MAX5104
2uA
1 DAC 1 (typ) 2 DAC
DAC
( 1)
OV (Vpp-1.4V) DC AC
(OS_=AGND) MAX5104
VOUT = (VREF NB/4096) 2
NB DAC (0
4095) VREF

6
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1.
16-BIT SERIAL WORD
FUNCTION
[ ) DO
A0 Cl1 CoO (MSB) (LSB) SO
0 0 1 12-bit DAC data 0 Load input register A; DAC registers are unchanged.
1 0 1 12-bit DAC data 0 Load input register B; DAC registers are unchanged.
0 1 0 12-bit DAC data 0 Load input register A; all DAC registers are updated.
1 1 0 12-bit DAC data 0 Load input register B; all DAC registers are updated.
. Load all DAC registers from the shift register
0 ! 1 12-bit DAC data 0 (start up both DACs with new data).
Update both DAC registers from their respective input registers
! 0 0 KXXRRRXXKKKX 0 (start up both DACs with data previously stored in the input registers).
1 1 1 XXXXXXXXXXKX 0 Shut down both DACs (provided PDL = 1).
Update DAC register A from input register A
0 0 0 00 1 X XRXXXXXX 0 (start up DAC A with data previously stored in input register A).
Update DAC register B from input register B
0 0 0 101 X XXXRRXXX 0 (start up DAC B with data previously stored in input register B).
0 0 0 11 0 X XXXXXXXX 0 Power Down DAC A (provided PDL = 1).
0 0 0 111 X XXXXXXXX 0 Power Down DAC B (provided PDL = 1).
0 0 0 0 10 X XXXXXXXX 0 UPO goes low (default).
0 0 0 01 1 X XXXXXXXX 0 UPO goes high.
0 0 0 100 1 XXXXXXXX 0 Mode 1, DOUT clocked out on SCLK’s rising edge.
0 0 0 10 0 0 XXXXXXXX 0 Mode 0, DOUT clocked out on SCLK'’s falling edge (default).
0 0 0 0 0 0 X XXXXXXXX 0 No operation (NOP).

X =Don't care

Note: D11, D10, D9, and D8 become control bits when A0, CT,

DAC
20yus

MAX5104 3

MICROWIRE( 2)  SPI/QSPI( 3)

16
4 1 2
12 (MSB  LSB )
1
/ 1 MAX5104
MAX5104
DAC
DAC
DAC

MAXIMN

and CO = 0. S0 is a sub-bit, always zero.

SCLK |- SK
MAXIM MICROWIRE
MAX5104  piy | 50 PORT
TS |- 110

2. MICROWIRE
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DAC CS
v 16 2 8
? (SPI MICROWIRE) 1 16 (QSPI)
SS
3
DIN & MOSI /
MAXIMN SPI/QSPI .
MAX5104 o | sck PORT .
(DOUT)
CS |- 1/0 °
CPOL=0,CPHA=0
5
CS
3. SPI/QSPI TS
CS DIN SCLK
CS
VISB. . oo, LSB
— 16 Bits of Serial Data ———p» / DAC
Address Bits | Control Bits | MSB...Data Bits...LSB SBUi? 10MHz 6
A0 C1,Co (DR TR DO| SO
-1 Address/2 Control Bits - -€—12 Data Bits—®» 0 (DOUT)
(DOUT)
4.
MAX5104
DOUT SCLK
5|
A
COMMAND
EXECUTED
SCLK
1 8 9 16
on a0 Xet Xco Xort XoroX s Xos Xor X o6 X o5 X oa X 03 X o2 {01 X 00 )\ 50
5.
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CS \.'\ cee /1:<_ tcsw 3:

! —»1 o5y e— . —toH—= ; tcp ' tosH ——! '
<— f0S0 —»} . oL - ! ! X - fes1 1=—
SCLK i N4 \ / N T W
— ipgle—! : | !
> {DH | -— ! !
6.
» SCLK SCLK SCLK
NAXI NAXI MAXIMN
MAX5104 MAX5104 MAX5104
> DIN DOUT DIN DoUT DIN pouT |—»
> es cs es T OTHER
SERIAL DEVICES
7. MAX5104
—
DIN oo
SCLK  »- (XX}
CST »-
€S2 » % T0OTHER
__ SERIAL DEVICES
CS3 »
o S L CS cS
MAXI MAXIN MNAXI -
MAX5104 MAX5104 MAX5104
SCLK SCLK SCLK
DIN DIN DIN
8. MAX5104 DIN

MAXIMN
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T ( 1) ( 0)
° 0 +5V/+3V 0S_
16 SPI/QSPI ReF- |
1) MICROWIRE Voo
1 15.5 MAXIMN .
* DOUT MAX5104
E O
(UPO) DGND
MAX5104
) P A
1/0
uPO 9. ( )
(PDL)
PDL L
PDL +5V/+3V 0S_
REF_
PDL Voo Vos
MAXIM .
MAX5104
MAX5104
1
DOUT DIN (7 AGND DGND
MAX5104 DOUT {7 1
DOUT / -
/
Electrical Characteristics  Digital output 10. OS_
Vou VoL
8 MAX5104
2. ( = +2)
IC DAC CONTENTS
(T5) MSB LsB ANALOG OUTPUT
I/0
1111 1111 1111 (0) +VREF(%)-2
1000 0000 0001 (0) +VReF (%) -2
9 MAX5104 2048
1000 0000 0000 (0 2048) 5
( +2V/V) MAX5104  2.048V © +VREF(4O96) 2 = VRer
0O 4.096V 0047
0111 1111 1111 (0 2047)
(9 2 OS_ (0) +VREF(4096) 2
1V ((1\/13\/ ) 2\;05-:'1\/ 0000 0000 0001 (0) +VRer (401%)-2
REF
0000 0000 0000 (0) oV
MAX5104 Note: () are for the sub-bit.
( 11) (OS_=AGND)
10
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Vout = VrRer[((2 NB)/4096) - 1]

NB DAC
3 11 13 MAX5104
C )
AC DAC
MAX5104 AC (uP)
12 REF_ ¢ )
(AC uP 2
)
MAX5104 (THD +N)
1Vp-p 5kHz
-78dB  (typ) 2 DAC
/
3.
+5V/
DAC CONTENTS ANALOG OUTPUT 3y
MSB LSB V3V
_— MAXIMN
2047 REFERENCE - MAX495
1111 1111 1 111 (0) +vREF(2048) EREN
]
1000 0000 0 001 (0 L
(0) +VREF(2048) 5&)}\/[}{[) 10k REF Voo R oS
*\\NA—
1000 0000 0 000 (0) oV %7
R
]
0111 1111 1 111 (0 - — —
(0) Veer (2048) DAC_ ouT_
2047
0000 0000 0 001 (0) +VREF (—) -2 MAXIM
4096 MAX5104
2048 AGND DGND
0000 0000 0 000 (0) Vs (M) = Veer {7 JT_
Note: () are for the sub-bit. 12. AC
V+
REF_ +5V/+3V
10k 10k REF. 53V éii PHOTODIODE
| 0s_
Voo Vb
MAXIMN / ",&:;;0'; v v
MAX5104 J "
'

o—°
ouT_ ’—!::>—V0UT

uP lF »H oac_
DIN ' V-

i RpuLLDOWN

MAXIMN 11

=
[«p}
=
o
o
[<p}
=
o

<]_
==

11. 13.
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Voo
| 0SA
NAXIM
MAX5104 R ]\7
REFA
ViN > R
- | - OUTA A
INPUT || DAC || .
SCLK SHFT | | REGA| | REGA DACA R2
REGISTER o~ ™
DIN | resn [ | Reas [ | DACB ' . jours ,\/R\a/\/ D an
REFB - R4
VRer B> R AN
R Vour= [ ] - [oFrser]
0SB
- INA \( R2 R4 2NB \ (R4
%7 L 17 N [(V”\jm>(ﬂﬁ2)(pr W)]f[(VREF m)(ﬁ)]
— NA IS THE NUMERIC VALUE OF THE INPUT CODE FOR DACA.
AGND DGND NB IS THE NUMERIC VALUE OF THE INPUT CODE FOR DACB.
14.
DAC
DAC DAC
DAC TOP VIEW
R1 R2 R3 R4 AGND [1 ] [16] Voo
( 14) 0UTA 2] [15] outs
osn 3] i [14] o8
ReFA [4]|  MAX5104  [13] Rers
DAC ( oL [5] [12] PO
) es [6] [11] uPo
VRer Vpp 1.4V
4.7uF 0.1pF on [} 0] bour
AGND ScLK [8 ] 9] panp
QSOP
AGND AC
TRANSISTOR COUNT: 3053
AGND SUBSTRATE CONNECTED TO AGND
AC
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