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MAX544/MAX545 +5V 14 O 14
0 +5V
(DAC) 14
(NL +0.5LSB DNL =+0.9LSB) . 1.5mw
DAC g lps
0.3mA( ) 0 60Kk0
0.6mV
a
DAC VReF ov MAXS45 SPI/QSPI/MICROWIRE
(MAX400 ) u DAC oV
MAX545 ( )
+VREF MAX545 0
a 16
16 DAC MAX541/MAX542
6.25MHz 3
SPI™/QSPI™ MICROWIRE™
PART TEMP. RANGE PIN-PACKAGE INL
DAC oV( ) ' (LSB)
MAX544ACPA 0°C to +70°C 8 Plastic DIP +1/2
MAX544 8 DIP SOP MAX544BCPA 0°C to +70°C 8 Plastic DIP
MAX545 14 DIP MAX544ACSA 0°C to +70°C 8 SO +1/2
SOP MAX544BCSA 0°C to +70°C 8 SO
Ordering Information continued at end of data sheet.
Vbp
|
MAXIW L rrp
MAX545 Res
ANA\—e i
REFF —-® Riny
14-BIT DAC — OuT
TOP VIEW RES T _l/\l_
— AGNDF
. s H H oamawcr | Hfasnos
R [1 | [14] Voo TDAC 4+ CONTROL
out[2 | A [i3] SCLK 4| LOGIC
. (2] WAX545 1] DIN 4 | SERIAL INPUT REGISTER |
ot [1] (6] v AGNDF[3] [12] DGND |
MAXIM AGNDS | 4 11| LDAC
aano [2] e [ oeno REFS% % o DGND
rer 2] oo REFF[ 6 | 9] ne.
es[4] 5] soLk os[7] 8] scLk Functional Diagrams continued at end of data sheet.
SPI QSPI Motorola Inc.
DIP/SO DIP/SO MICROWIRE National Semiconductor Corp.
MAXIM Maxim Integrated Products 1
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ABSOLUTE MAXIMUM RATINGS

VDD tO DGND ..o -0.3V to +6V
CS, SCLK, DIN, LDAC to DGND ........cccoiiiiiiiine -0.3V to +6V
REF, REFF, REFSto AGND ..........cccooine. -0.3V to (Vpp + 0.3V)
AGND, AGNDF, AGNDS to DGND .......cooviiiiiie -0.3V to +0.3V
OUT, INV to AGND DGND ......ccoviiiiiiiiiiiii -0.3V to Vpp
RFB to AGND DGND .......ooiiiiiiiiiiiieicececee -6V to +6V
Maximum Current into Any Pin.........occoiiiiiie 50mA

Continuous Power Dissipation (Ta = +70°C)
8-Pin Plastic DIP (derate 9.09mW/°C above +70°C).....727mW
8-Pin SO (derate 5.88mW/°C above +70°C) ................. 471mW

14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)...800mW

14-Pin SO (derate 8.33mW/°C above +70°C) ............... 667mwW

14-Pin Ceramic SB (derate 10.00mW/°C above +70°C...800mW
Operating Temperature Ranges

MAX544 _C_AIMAX545_C D ...ccoooviiiiiiiiinn, 0°C to +70°C

MAX544 _E_ AIMAX545_E D...ccooovviiiii, -40°C to +85°C

MAXB45BMUD ... ...-55°C to +125°C
Storage Temperature Range .............cccceeevnennn. -65°C to +150°C
Lead Temperature (soldering, 10S) .......ccccoveriiiiiiieinrnn. +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

(VDD = +5V = 5%, VREF = +2.5V, AGND = DGND = 0, Ta = TMIN to Tmax, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
STATIC PERFORMANCE—ANALOG SECTION (R = =)
Resolution N 14 Bits
o MAX54_A £0.15  +0.5
Integral Nonlinearity INL Vpbp =5V LSB
MAX54_B +0.15 +1
Differential Nonlinearity DNL Guaranteed monotonic +0.15 +0.9 LSB
Zero-Code Offset Error ZSE +0.6 mV
Zero-Code Tempco ZSTC +0.05 ppm/°C
Gain Error (Note 1) +5 LSB
Gain-Error Tempco +0.1 ppm/°C
DAC Output Resistance RouTt (Note 2) 6.25 kQ
Bipolar Resistor Matching MAX545 RFB,/RlNV 10
Ratio error +0.038 %
Bipolar Zero Offset Error MAX545 +10 LSB
Bipolar Zero Tempco BZStc | MAX545 +0.5 ppm/°C
Power-Supply Rejection PSR 4,75V < Vpp £5.25V +1.0 LSB
REFERENCE INPUT
Reference Input Range VREF (Note 3) 2.0 3.0 Vv
Reference Input Resistance Rrer Unipolar mgde 11.5 kQ
(Note 4) MAX545, bipolar mode 9.0
DYNAMIC PERFORMANCE—ANALOG SECTION (RL = 0, unipolar mode)
Voltage-Output Slew Rate SR CL = 10pF (Note 5) 25 V/us
Output Settling Time To +'2LSB of FS, CL = 10pF 1 Hs
DAC Glitch Impulse Major-carry transition 10 nVs
Digital Feedthrough ggﬁ?}?ﬁog gsﬁ;oc\:/SD; l\éegl;SLDAc =0V 10 nVs
2 AKXV
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ELECTRICAL CHARACTERISTICS (continued)
(VDD = +5V + 5%, VREF = +2.5V, AGND = DGND = 0, Ta = TMIN to TmAX, unless otherwise noted.)

PARAMETER | sSYMBOL | CONDITIONS | MIN  TYP  MAX | UNITS
DYNAMIC PERFORMANCE—REFERENCE SECTION
Reference -3dB Bandwidth BW Code = FFFC hex 1 MHz
Reference Feedthrough Code = 0000 hex, VRer = 1Vp-p at 100kHz 1 mVp-p
Signal-to-Noise Ratio SNR 83 dB
) Code = 0000 hex 75
Reference Input Capacitance CIN pF
Code = FFFC hex 120

STATIC PERFORMANCE—DIGITAL INPUTS
Input High Voltage VIH 2.4 Y
Input Low Voltage ViL 0.8 V
Input Current lIN VIN=0 +1 pA
Input Capacitance CIN (Note 6) 10 pF
Hysteresis Voltage VH 0.40 Y
POWER SUPPLY
Positive Supply Range VbD 4.75 5.25 \
Positive Supply Current IDD 0.3 1.1 mA
Power Dissipation PD 1.5 mwW

TIMING CHARACTERISTICS

(VbD = +5V = 5%, VREF = +2.5V, AGND = DGND = 0, CMOS inputs, Ta = TMIN to TmMAX, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

SCLK Frequency fscLk 10 MHz
SCLK Pulse Width High tcH 45 ns
SCLK Pulse Width Low tcL 45 ns
CS Low to SCLK High Setup tCSS0 45 ns
CS High to SCLK High Setup tCsS1 45 ns
SCLK High to CS Low Hold tcsHo | (Note 6) 30 ns
SCLK High to CS High Hold tCSH1 45 ns
DIN to SCLK High Setup tDs 40 ns
DIN to SCLK High Hold tDH 0 ns
LDAC Pulse Width {LDAC | MAX545 50 ns
CS High to LDAC Low Setup tLpACS | MAX545 (Note 6) 50 ns
(oo Hgn TS on 2 -
Note 1: Gain Error tested at VRer = 2.0V, 2.5V, and 3.0V.

Note 2: RourT tolerance is typically +20%.

Note 3: Min/max range guaranteed by gain-error test. Operation outside min/max limits will result in degraded performance.

Note 4: Reference input resistance is code dependent, minimum at 8554 hex.

Note 5: Slew-rate value is measured from 0% to 63%.

Note 6: Guaranteed by design. Not production tested.

MAXI M 3
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(Vbp =5V, VREF = 2.5V, Ta = +25°C, unless otherwise noted.)

SUPPLY CURRENT (mA)

INL (LSB)

INL (LSB)

SUPPLY CURRENT
vs. TEMPERATURE

20k
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035 ///
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0.25 |~
0.20
40 20 0 20 40 60 80 100
TEMPERATURE (°C)
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0 fin Ll
0.125 ALLL
-0.250
0 5k 10k 15k
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20k
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|
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0
-0.125
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(VoD =5V, VREF = 2.5V, Ta = +25°C, unless otherwise noted.)

FULL-SCALE STEP RESPONSE
(fscLk = 10MHz)

CL-10pF |3

RL=o0 =
out
500mV/div

1us/div

MAJOR-CARRY OUTPUT GLITCH

cs
(8V/dv)

ouTt

T MAXS44/MAX545-11

2us/div

(AC-COUPLED,
100mV/div)

FULL-SCALE STEP RESPONSE
(fscLk = 20MHz)

©CL=10pF
'R\_:OO '

MAX544-10A

ouT
500mV/div

400ns/div

DIGITAL FEEDTHROUGH

SCLK
5V/div

ouTt
(AC-COUPLED,
50mV/div)

2 d MAXE‘M/AXS“S-‘ 2
CODE = 0000 hex bs/div

MAX544

1 ouT DAC

AGND

REF

+2.5V

CcS

SCLK

40 60

DIN

DGND

O N|OO| O | W[ MN

VDD +5V

MAXIN
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MAX545

1 RFB
2 ouT DAC
3 AGNDF ( )
4 AGNDS )
5 REFS ( ) REFS +2.5V
6 REFF ( ) REFF +2.5V
7 CS
8 SCLK 40% 60%
9 N.C.
10 DIN
11 LDAC LDAC DAC
12 DGND
13 INV
14 VbD +5V

o < {CSH +Jé “tLacs ™| ‘

CS —Wr . 7 J !
Jgtcsm P | etossora— o —me— T tosst — ‘«

SCLK N\ £ \ *t K N\

—»| ipH [¢—
‘ADS»
DIN D13} D12 AN eee XA __s0 K
LDAC \
*tLDiAC*
*MAX545 ONLY
1.
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+5V +2.5V

far
0.1pF ’_0|1 l_‘

MCBE8XXXX
PCSO
MOSI
SCLK
(GND)

oty fle

7

() ARE FOR MAX545 ONLY

DGND AGND_
v

VoD REF (REFF)  (REFS)
CS
NAXI/N MAX495
DIN MAX544/MAX545 EXTERNAL OP AMP
SCLK
LDAC
(LDAC) ;

2a.

BV 25V
10uF
+
1)—'%
01uF < |—o
N
+5V
MCB8XXXX Voo REFF REFS RFB
PCSO &S Ry Reg INV
bl MAXIM p— BIPOLAR
MoSI DIN MAX400 ouT
LA EXTERNAL OP AMP
SCLK SCLK et /Vﬁ)g%/ v out
Ic1 AC 5y
(GND)
DGND AGNDF AGNDS
v = T T
2b. —_
R-2R DAC
14 (DAC) 8 1
MAX544/MAX545 0.5LSB
0.9LSB
14 MAX545
MAX544/MAX545 2 DAC 2b MAX54
R-2R DAC LSB ( ) 545
15 4 MSB
DAC
A 7
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+5V 14 DAC
MAX544/MAX545 MAX544/MAX545 2V 3V
3 SPI/QSPI/MICROWIRE DAC
(Cs)
(DIN) MAX545
CS +15mV 7ppm/ (max) 2.5V
(SCLK)  MAX873A
16 (14
2 ) MAX544/MAX545 VoD
LDAC CS DAC ov
DAC ( 3a) 16 SCLK
[ ( )
DAC
16 DAC DAC -VREE
MAX545 CS LDAC
DAC
( 3b)
LDAC
cs
t oo
UPDATED
SCLK
SUB-BITS
DIN
D13 D12D11D10 DI D8 D7 D6 D5 D4 D3 D2 DI DO S1 SO
£ vse tiss
3a. MAX544/MAX545 3 (LDAC = DGND(MAX545))
cs
SCLK
SUB-BITS
DIN
D13 D12D11 D10 DY D8 D7 DG D5 D4 D3 D2 DI DO ST S0
tmss toise
LDAC

!

DAC
UPDATED

3b. MAX545 4
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+5V 14 DAC
R-2R DAC
MAX544/MAX545 2V 3V ouT +Vger  AGND 14
( ) DAC
14 INL DNL
0] +70 1LSB 14 (RL > 60kQ)
DAC
1.5ppm/
R-2R DAC
11.5kQ ( DAC
8554 hex) 200kQ ( 0000 hex)
2.5V 2.5Vv/
11.5kQ = 217pA MAX545
0.1LSB
28ppm/mA ( 2b) DAC
71mQ
DAC
(MAX4OO ) iVREF
REFF AGNDF
(MAX545) REF AGND(MAX544) AGND
0.1pF (AGND)
REFF AGNDF 10uF MAX495
ESR 14 DAC LSB (VRer = 2.5V
152.6pV)
1/2LSB
DAC (6.25kQ typ)
0 +70
AGND 1/2LSB
AGND (+25 )
1.7uv/
DAC
1/2L.SB
DGND AGND AGND
DAC “ ”
DAC 101 0

MAXIN

6.25kQ + — = 205MQ
251 H
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DAC
PC DAC
1us
1/2L.SB
10.4
DAC
DAC 10pF
1
2
2
DAC
1us/10.4 = 96ns 1MHz

1/2m (1MHz) = 159ns

\/ doens)” +(150ns)” B=186ns

H
1/2LSB 10.4 x
186ns = 1.93ps
14 DAC SPI
QSPI  MICROWIRE
3 3
(CS DIN  SCLK) DAC
LDAC(MAX545)
DAC
MAX544/MAX545
TTL/CMOS
2a 1 MAX544/MAX545
1
10

2b 1 MAX545
-1/2VRer
2
2
DGND AGND IC
DAC DGND
AGND
DAC DGND
DAC
Voo Vbbb AGND O.lUF

1.

DAC LATCH CONTENTS

MSB LSB

ANALOG OUTPUT, VouT

11111111 1111 11(00

VREF - (16,383 / 16,384)

1000 0000 0000 00(00

VREF - (8192 / 16,384) = 1/oVRerF

0000 0000 0000 01(00

VREF - (1/16,384)

Nl Il Nl BNl

0000 0000 0000 00(00

ov

2.

DAC LATCH CONTENTS

MSB LSB

ANALOG OUTPUT, VouT

1111 1111 1111 11(00)

+VREF - (8191/8192)

1000 0000 0000 01(00)

+VREF - (1/8192)

1000 0000 0000 00(00)

ov

-VREF + (1/8192)

0111 1111 1111 11(00)
0000 0000 0000 00(00)

-VREF - (8192 / 8192) = -VREF

() = Sub-bits

MAXI N
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PART TEMP. RANGE  PIN-PACKAGE (|1ng)
MAX544AEPA  -40°C to +85°C 8 Plastic DIP +1/2 Yo
MAX544BEPA  -40°C to +85°C 8 Plastic DIP +1 P
MAX544AESA  -40°C to +85°C 8 SO +1/2 MAX544
MAX544BESA  -40°C to +85°C 8 SO +1 e H-BITDAC >_OUT
MAX545ACPD  0°C to +70°C 14 Plastic DIP  =1/2 {} L AGND
MAX545BCPD  0°Cto +70°C 14 Plastic DIP +1 &5 - DATA LATCH |
MAX545ACSD  0°Cto +70°C 14 SO +1/2 DIN — CONTROL {}
MAX545BCSD  0°C to +70°C 14 SO +1 SCLK LOGIC
MAX545AEPD  -40°C to +85°C 14 Plastic DIP ~ =1/2 | SERIAL INPUT REGISTER |
MAX545BEPD  -40°C to +85°C 14 Plastic DIP +1 T
MAX545AESD  -40°C to +85°C 14 SO +1/2 DGND
MAX545BESD ~ -40°C to +85°C 14 SO +1
MAX545BMJD  -55°C to +125°C 14 Ceramic SB* +1

*Contact factory for availability.

MAXIN

TRANSISTOR COUNT: 2209
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OB BEA
R
gﬁﬁﬁﬁﬁﬂ

0o-g°

B

i =
r\
=

INCHES  [MILLIMETERS INCHES  [MILLIMETERS

MIN | MAX | MIN | MAX MIN | MAX [ MIN |MAX | N [NSOI2
A|0.053]0069| 135|175 D[0189 0197 | 480|500 |8 | A
A1/0.004 10.010 | 0.10 |0.25 D|0.337]0.344|855|875[14| B
B|0.014 10019 | 0.35]|0.49 D|0.386]0.394]| 9.80/10.00]16| C
€|0.007 10010 | 0.19]0.25
e 0.050 127 Nares,
E 10150 ]0.157 | 3.80]4.00 D&E DO NOT INCLUDE MOLD FLASH
TOCeS[0cHaSEu[e20] i B N

0.010 [0.020| 0.25]0.50 . LEADS TO BE COPLANAR WITHIN
10,016 [0.050 102nm €004°>

. MEETS JEDEC MS012-XX AS SHOWN
IN ABOVE TABLE

3
040]127 4. CONTROLLING DIMENSION: MILLIMETER
s
6 N = NUMBER OF PINS

LA packect ALY IUTLNG SDIC 150 7 21-0041 &

|
()
—{ D1 z
N a
> a
f—— E ——
i —E1—]
7
A3
~ |- 0°-15°
\:“j
INCHES _|MILLIMETERS INCHES _[MILLIMETERS
MIN MAX | MIN | MAX MIN | MAX | MIN | MAX [N
A 0180 [-—- 14572 .348[0.390 | 8.84] 9.91 [8 |AB
nt 0020 0508 D [0.735[0.76518.67 [19.43 |14 |AC
2lo1es (0175 318|445 .745[0.76518.92 [19.43 |16 [AA
3[0.055[0.080 [1.40 [2.03 .885[0.915 [22.48[23.24[18 [A
B [0.015 [0.021 [0.381 [0.533| [D [1.015 [1.045 [25.78]26.54]20 |AE
B1[0.045[0.060 [1.14 [1.524 | [D 114 |1.265 [28.96]32.13 [24|AF
C [0.009 [0.014 [0.229[0.355 .360 [1.380 [34.54[35.05 [28]%S
D1]0.005 [0.080 [0.13 [2.03
E [0.300 [0.325[7.62 _[8.255| MNotES:
1[0.275]0.2956.985]7.493 & Efigtgﬁﬁﬁ?ﬁ?&ﬁ@ﬁ
:A gg%% — "32; — 3 CONTROLLING DIVENSION. MILLNETER
leB[ —- [0.400 | ——— [10.16 IN ABOVE TABLE
L [0415 [0.150 [2.921 [3:81 2 MR D ETEC Ns-085-A
AN [PACKAGE FANILY DUTLINE: PDIP 300" . 21-0043

= - 169-0051 3-30-167 1
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