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ABSOLUTE MAXIMUM RATINGS

VDD O GND ...t -0.3V to +6V
DIN, SCLK, TS ettt -0.3V to +6V
Hx, LX, WX 10 GND ..oevveveeeeeieeieeeeeeciiiiviveees -0.3Vto (Vpp +0.3)
Maximum Continuous Current into Hx, Lx, and Wx............ +1mA

Continuous Power Dissipation (Ta = +70°C)
14-Pin TSSOP (derate 9.1mW/°C above +70°C) ......... 727TmwW

Operating Temperature Range ............c.ccccveeueee. -40°C to +85°C
JUNCLION TEMPEIAtUIE ...coeiiiiiie e +150°C
Storage Temperature Range .........ccccceevcvveeeeene -65°C to +150°C
Lead Temperature (soldering, 10S) .........cccccvvevieirierieenne. +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 = +5V, unless otherwise noted. VH = Vpp, VL =0, Ta = TMmIN to Tmax. Typical values are at Vpp = +5V, Ta = +25°C,

unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
DC PERFORMANCE (Voltage-Divider Mode)
Resolution N 8 Bits
Integral Nonlinearity (Notes 1, 2) INL +1/2 LSB
Differential Nonlinearity (Notes 1, 2) DNL +1/2 LSB
End-to-End Resistor Tempco TCR 35 ppm/°C
Ratiometric Resistor Tempco 5 ppm/°C
MAX5413 -8
Full-Scale Error MAX5414 -1.6 LSB
MAX5415 0.8
MAX5413 +8
Zero-Scale Error MAX5414 +1.6 LSB
MAX5415 +0.8
DC PERFORMANCE (Variable-Resistor Mode)
Resolution N 8 Bits
VpD = +5V +1 LSB
. ) INL MAX5413 +3
Integral Nonlinearity (Notes 1, 3)
Vpp = +3V MAX5414 +1.5 LSB
MAX5415 +1.5
(Dl\llf;ferinltjaé)Nonllnearlty DNL zEE ; :zz 11/ LSB
DC PERFORMANCE (Resistor Characteristics)
) . Vpp = +5V 275
Wiper Resistance (Note 4) Rw Q
Vpp = +3V 550
Wiper Capacitance Cw MAX5413 20 pF
MAX5414/MAX5415 30
MAX5413 7.5 10 12.5
End-to-End Resistance RHL MAX5414 37.5 50 62.5 kQ
MAX5415 75 100 125
2 MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)

(Vpbp = +5V, unless otherwise noted. VH = Vpp, VL. =0, Ta = TmIN to Tmax. Typical values are at Vpp = +5V, Ta = +25°C,
unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS

DIGITAL INPUTS
Input High Voltage VIH 0.7 x VDD \%
Input Low Voltage VL 0.3 x Vpp \Y%
Input Leakage Current +1.0 HA
Input Capacitance 5 pF
TIMING CHARACTERISTICS (ANALOG)

MAX5413 100
Wiper-Settling Time ts MAX5414 325 ns

MAX5415 650
TIMING CHARACTERISTICS (DIGITAL) (Note 5)
Maximum SCLK Frequency 10 MHz
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 CS Fall Delay tcso 10 ns
CS Rise to SCLK Rise Hold tcs1 40 ns
CS Pulse Width High tcsw 100 ns
POWER SUPPLIES
Supply Voltage VbD 2.7 55 \Y

__ Vpp = +5V 0.8 5 HA
Supply Current IbD CS =SCLK =DIN =Vpp

Vpp = +2.7V 0.1 HA

Note 1: Linearity is defined in terms of the Hx to Lx code-dependent resistance.

Note 2: The DNL and INL are measured with the potentiometer configured as a voltage-divider with Hx = Vpp and Lx = 0. The wiper
terminal is unloaded and measured with an ideal voltmeter.

Note 3: The DNL and INL are measured with the potentiometer configured as a variable resistor. Hx is unconnected and Lx = 0. At
Vpp = +5V, the wiper terminal is driven with a source current of 400pA for the 10kQ configuration, 80pA for the 50kQ config-
uration, and 40pA for the 100kQ configuration. At Vpp = +3V, 200pA/40pA/20pA for 10kQ/50kQ/100kQ configurations,
respectively.

Note 4: The wiper resistance is the worst value measured by injecting into Wy, a current lyy = Vpp / RHL.

Note 5: Digital timing is guaranteed by design.

MAXIMN 3
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goodadad

(Vbp = +5.0V, Ta = +25°C, unless otherwise noted.)

WIPER RESISTANCE WIPER RESISTANCE WIPER RESISTANCE
vs. WIPER VOLTAGE (10kQ) vs. WIPER VOLTAGE (50kQ) vs. WIPER VOLTAGE (100kQ)
300 s 380 s 400 g
a 360 2 380 a
280 % 340 ’{ \ % 360 %
—_ —_ \ —~ 340 f& Vpp = +3V
C 260 | Vop=+3V a 320 Vpp = +3V S \
] '}[ \ 8 300 \.\ | g 320 ] \
=2 =
§ 240 ’--“ \ = 0 i \ \ = 300 7 \
2 } D 260 / \ Vpp=+5V | | 7 280 ‘1
= 220 / ~ % 20 y4 h © 260 i
g g / & 20 /™
= 200 / Vpp = 5V Pl = 0 / e L/ N = 0 et f ‘:I
180 e 200 [~ 200 Vop =V __
180 180
160 160 160
0 05 10 15 20 25 3.0 35 40 45 50 0 05 10 15 20 25 3.0 35 40 45 50 0 05 10 15 20 25 30 35 40 45 50
WIPER VOLTAGE (V) WIPER VOLTAGE (V) WIPER VOLTAGE (V)
WIPER RESISTANCE WIPER RESISTANCE WIPER RESISTANCE
vs. INPUT CODE (10kQ) vs. INPUT CODE (50kQ) vs. INPUT CODE (100kQ)
10 < 50 . 100 .
9 3 45 3 90 g
— 8 /g . 40 //g N 80 g
g g N g
i/ 7 7 i’ 35 / i/ 0 1
e 6 / e 30 / e ) /
< y =4 / =4 4
- / 7 / 2 5 /|
D y a / ] y
o /] o . o /
< 4 7 - 20 4 - 40 V4
§ 3 // § 15 A § 30 /
2 // 10 /'/ 2 ///
1 // 5 /' 10 /’
0 0 0
0 32 64 96 128 160 192 224 256 0 32 64 95 128 160 102 224 256 0 32 64 96 128 160 192 224 256
INPUT CODE (DECIMAL) INPUT CODE (DECIMAL) INPUT CODE (DECIMAL)
VARIABLE RESISTOR DNL VARIABLE RESISTOR INL VARIABLE RESISTOR DNL
vs. INPUT CODE (10kQ) vs. INPUT CODE (10kQ) vs. INPUT CODE (50kQ)
020 5 050 2 0.6 g
g 0.40 fﬂ g 0.05 g
0.15 = 030 / s 0.04 N
\ 003
& 010 =020 ( \ 2
5] 4] = 0.02
s S 010 2
z = \ \ 8 on |
0.05 0.00 X\
\ 0.00
-0.10
0.00 \ -0.01 I
-0.20 n -0.02
-0.05 -0.30 -0.03
0 32 64 96 128 160 192 224 256 0 32 64 96 128 160 192 224 256 0 32 64 96 128 160 192 224 256
INPUT CODE (DECIMAL) INPUT CODE (DECIMAL) INPUT CODE (DECIMAL)
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(Vbp = +5.0V, Ta = +25°C, unless otherwise noted.)

VARIABLE RESISTOR INL VARIABLE RESISTOR DNL VARIABLE RESISTOR INL
vs. INPUT CODE (50kQ) vs. INPUT CODE (100kQ) vs. INPUT CODE (100kQ)
0.04 o 0.12 ; 015 o
02 011
00 g 0.10 g 0.10 [ g
0.00 z 0.09 : \ :
-0.02 0.08 0.05 “-,..1
_ | 0 A 007 _ "\
g 0 8 006 g 000 \
= -0.06 o g = 005 S /
= 00 \' 8 o4 =-005 \\ /
-0.10 \\' g'gg -0.10 \'1
: d
-0.12 0.01 -"‘ﬁr.{"‘
0.00 -0.15
-0.14 001 |
-0.16 -0.02 | [ [ [ [ | 0.20
0 32 64 965 128 160 192 224 256 0 32 64 9 128 160 192 224 256 0 32 64 9 128 160 192 224 256
INPUT CODE (DECIMAL) INPUT CODE (DECIMAL) INPUT CODE (DECIMAL)
VOLTAGE-DIVIDER DNL VOLTAGE-DIVIDER INL VOLTAGE-DIVIDER DNL
vs. INPUT CODE (10kQ) vs. INPUT CODE (10kQ) vs. INPUT CODE (50kQ)
0.08 o 0.15 - 0.08 "
0.07 TN 5 oo
2 0.10
0.06 E e 0.06 E
0.05 0.05 N 0.05
g:; 0.04 55? 0.00 \\ %? 0.04
; 0.03 ; \ ; 0.03
a 0.02 = -0.05 \ a 002
0.01 -0.10 N 0.01
000 [otavtanns 000 [
-0.15 v
-0.01 -0.01
-0.02 -0.20 -0.02
0 32 64 9 128 160 192 224 256 0 32 64 96 128 160 192 224 256 0 32 64 9 128 160 192 224 256
INPUT CODE (DECIMAL) INPUT CODE (DECIMAL) INPUT CODE (DECIMAL)
VOLTAGE-DIVIDER INL VOLTAGE-DIVIDER DNL VOLTAGE-DIVIDER INL
vs. INPUT CODE (50kQ) vs. INPUT CODE (100kQ) vs. INPUT CODE (100kQ)
015 « 0.08 . 015 -
0.10 5 007 5 0.10 3
S 0.06 H E
0.05 0.05 0.05 \\
g 000 o~ g 0.04 g 000 \\
S = 003 S S
=005 [\ // 5 oo 2 005
\ / ' i e
-0.10 \\ / 0.01 -0.10
0.00 M Ay WL?
-0.15 -0.15
-0.01
-0.20 002 -0.20
0 32 64 9 128 160 192 224 256 0 32 64 96 128 160 192 224 256 0 32 64 9 128 160 192 224 256
INPUT CODE (DECIMAL) INPUT CODE (DECIMAL) INPUT CODE (DECIMAL)
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(Vbp = +5.0V, Ta = +25°C, unless otherwise noted.)
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odogg
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1 GND oooao
2 LB oOoBOOOOO
3 HB ooBOOOOO
4 Wg goBOOOOOOO
5,6, 10 N.C. gooooOoooooa
7 CS sPIDOOO0O0OO0O
8 DIN SPIDOOOOOOO0O0
9 SCLK SPIOOOOOO
11 VbD 00((+2.7v0+5.5V)00.1yF0 0 00CO0OGNDODOOOOOOODDOO
12 Wa O0oAOOOO0DODO0O
13 Ha OoOoAOOO0OOO
14 La OOoAOOO0ODO
m INAXI/V
MAX5413
Vop — MAX5414
GND — MAX5415
——Hx
R 8 R 8 256 é
8-BIT DECODE ¢ WA
OIN 9-BIT LATCH ?
B SHIFT
REGISTER * 1 1
—1—Hs
Y 8 256 é
A L~ R > - Ws
- DECODE ?
LATCH — 1 |5
SCLK SR /\
cs | DECODE f
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ADDRESS DATA WORD

BO (A0) B1 (D7) B2 (D6) B3 (D5) B4 (D4) B5 (D3) B6 (D2) B7 (D1) B8 (DO)

(MSB) (LSB)
First Bit In Last Bit In

4. Jbooooooooooo

Vee

Vi

R2

Wl <| maxim
sl MAX5413

T MAX5414
J—_X MAX5415

W ——

»¥

MNAXI
MAX4250 NAXI

— < Wx  MAX5413
? MAX5414
Vo/ls=Ra (1+Ra/Ry) + Ry MAX5415

Lx
05. 1-vOOO0O0 -§

goboboogooobod Oea. ODODODOODO

O7000MAX5413/MAX5414/MAX54150
MAXeleoU OO ODOOOOOOOOOOOOOODOO Vee
OO0OD0DD0OO000O000MAX5413/MAX5414/ Vi N}\_‘
MAX54150 HyO O O MAX6eleoO ouTO OO OOOOO

MAX5413/MAX5414/MAX54150 Lx0O O O GNDO
OOOOODODODODODODOOMAX5413/MAX5414/
MAX54150 Wy O 00 MAX61600 ADJO OO OO =
OO000000MAX5413/MAX5414/MAX54150 0 *
goobooobbooobobbooobobooobobogoo W

0000000O05ppm/0000000000000 Lx
0000000000000000000000 1
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Oeb. 3000000000000 O0O0O0ODOO
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+5V goggno

\(/?w TRANSISTOR COUNT: 8689
out VoREF PROCESS: BiCMOS
Hx
MNAXI
W MAX5413
X
ADJ > MAX5414
< MAX5415
GND
Lx

VoREF =12.3kV 0 Q / (100kQ o C / 255) FOR MAX5413
VOREF = 61.5kV 0 Q / (50kQ © C / 255) FOR MAX5414
VoREF = 123kV 0 Q / (100kQ o C / 255) FOR MAX5415
WHERE C IS ANY CODE BEING WRITTEN TO A DEVICE.

MAX5413/MAX5414/MAX5415
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googog
3 21
s, COMMON DIMENSIONS
% [ MILLIMETERS INCHES
L[ MIN. | MAX. | MIN. | MAX.
{w}} Al — [ 10 043

Ay 0.05 0.15 .002 .006
Az | 0.85 0.95 .033 .037
b 0.19 0.30 .007 012
lo 0.19 025 .007 .010
[« 0.09 0.20 .004 .008
IR I NV T
SEE VARIATIONS [SEE VARIATIONS

Ci

D

E | 430 450 | 169 [ 177
e 065 BSC 026 BSC
H

L

N

[

TO0P VIEW BOTTOM VIEW

6.25 6.55 246 258
0.50 0.70 .020 .028

SEE DETAIL A
e
™ 3 e N ©

I c SEE VARIATIONS |SEE VARIATIONS
imimm(imimim I L gl - [ & ] o |6#
\_Q 0.10[C gf; - I
DA M \_SEATING 54-‘
PLANE
SIDE VIEW END VIEW JEDEC VARIATIONS
MO-153 | N MILLIMETERS INCHES
o MIN. MAX. MIN. MAX.
025 l— ) AB-1_ |14 D | 490 510 | 193 | .201
; ! AB 16 [ D] 490 5.10 193 201
BSC ~— : .
WITH PLATING\ AC 20 D | 640 | 660 | 252 | 260
T | AD 24| D] 770 | 790 | 303 | 31
~ cl ¢ AE 28] D | 960 | 980 | 378 | .386
BASE METAL — ]
DETAIL A LEAD TIP DETAIL
NOTES:
1. DIMENSIONS D AND E DO NOT INCLUDE FLASH
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 01Smm PER SIDE @DALLAS -,
3. CONTROLLING DIMENSION: MILLIMETER DALLAR / vi/ZAX1/ V|
4, MEETS JEDEC OUTLINE MO-153. SEE JEDEC VARIATIONS TABLE PROPRIETARY INFORMATION
”N” REFERS TO NUMBER OF LEADS LG
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 DUTLINE, TSSOP 4.40mm BODY
DATUM [-C-J; THE OTHER PLANE IS AT THE SPECIFIED DISTANCE FROM [-C-1 IN THE APPROVAL DOCUNENT CONTRGL NG, RV T
DIRECTION INDICATED 21-0066 FlA

/IZIDDDD N

<FILN I RASH

0169-005100000000003-30-1600001000
\_ ) TEL.(03)3232-6141  FAX. (03)3232-6149
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