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Quad LVDS Line Receivers with

Integrated Termination and Flow-Through Pinout

General Description

The MAX9121/MAX9122 quad low-voltage differential sig-
naling (LVDS) differential line receivers are ideal for appli-
cations requiring high data rates, low power, and low
noise. The MAX9121/MAX9122 are guaranteed to receive
data at speeds up to 500Mbps (250MHz) over controlled-
impedance media of approximately 100Q. The transmis-
sion media may be printed circuit (PC) board traces or
cables.

The MAX9121/MAX9122 accept four LVDS differential
inputs and translate them to LVCMOS outputs. The
MAX9122 features integrated parallel termination resis-
tors (nominally 107Q), which eliminate the requirement
for four discrete termination resistors and reduce stub
lengths. The MAX9121 inputs are high impedance and
require an external termination resistor when used in a
point-to-point connection.

The devices support a wide common-mode input range of
0.05V to 2.35V, allowing for ground potential differences
and common-mode noise between the driver and the
receiver. A fail-safe feature sets the output high when the
inputs are open, or when the inputs are_undriven and
shorted or parallel terminated. The EN and EN inputs con-
trol the high-impedance output. The enables are common
to all four receivers. Inputs conform to the ANSI TIA/EIA-
644 LVDS standard. Flow-through pinout simplifies PC
board layout and reduces crosstalk by separating the
LVDS inputs and LVCMOS outputs. The MAX9121/
MAX9122 operate from a single +3.3V supply, and are
specified for operation from -40°C to +85°C. These
devices are available in 16-pin TSSOP and SO packages.
Refer to the MAX9123 data sheet for a quad LVDS line dri-
ver with flow-through pinout.

Applications

Digital Copiers

Laser Printers

Cellular Phone Base Stations
Add/Drop Muxes

Digital Cross-Connects
DSLAMs

Network Switches/Routers
Backplane Interconnect
Clock Distribution

Features

4 Integrated Termination Eliminates Four External
Resistors (MAX9122)

4 Flow-Through Pinout
Simplifies PC Board Layout
Reduces Crosstalk

Pin Compatible with DS90LV048A
Guaranteed 500Mbps Data Rate

300ps Pulse Skew (max)

Conform to ANSI TIA/EIA-644 LVDS Standard
Single +3.3V Supply

* & & & oo o

Fail-Safe Circuit

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX9121EUE -40°C to +85°C 16 TSSOP
MAX9121ESE -40°C to +85°C 16 SO
MAX9122EUE -40°C to +85°C 16 TSSOP
MAX9122ESE -40°C to +85°C 16 SO

Pin Configuration appears at end of data sheet.

Typical Application Circuit
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MAX9121/MAX9122

Quad LVDS Line Receivers with
Integrated Termination and Flow-Through Pinout

ABSOLUTE MAXIMUM RATINGS

VOG0 GND .., -0.3V to +4.0V
IN_+, IN_-t0 GND ..o -0.3V to +4.0V
EN, EN1O GND oo -0.3V to (Vce + 0.3V)
OUT_t0 GND ..o, -0.3V to (Vce + 0.3V)

Continuous Power Dissipation (Ta = +70°C)
16-Pin TSSOP (derate 9.4mW/°C above +70°C) ......... 755mW
16-Pin SO (derate 8.7mW/°C above +70°C)............... 696mwW

Storage Temperature Range .............cocccovveenn. -65°C to +150°C
Maximum Junction Temperature .............cccccevirieiinnonnn. +150°C
Operating Temperature Range ........................... -40°C to +85°C
Lead Temperature (soldering, 10S) .....c.ccoceevvviiinirinnenn. +300°C
ESD Protection

(Human Body Model, IN_+, IN_-) ...ooooioiiiiiiiiicc, +8kV

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.

DC ELECTRICAL CHARACTERISTICS

(Vcc = +3.0V to +3.6V, differential input voltage IV|pl = 0.1V to 1.0V, common-mode voltage Vcm = IV|p/2l to 2.4V - IV|p/2l,
Ta = -40°C to +85°C. Typical values are at Vgc = +3.3V, Ta = +25°C, unless otherwise noted.) (Note 1)

PARAMETER | SYMBOL‘ CONDITIONS MIN TYP MAX | UNITS

LVDS INPUTS (IN_+, IN_-)
Differential Input High Threshold VTH 100 mV
Differential Input Low Threshold VTL -100 mV

0.1v<|vipl<o6v -20 20 A
Input Current (MAX9121) IIN_+, IN_-

0.6V <|Vipl<1.0v 25 25 A
Power-Off Input Current INOFF 0.1V<|Vipl<0.6V, Vee = 0 -20 20 PA
(MAX9121) 0.6V <|Vipl< 1.0V, Vo =0 25 25 A
Input Resistor 1 RIN1 Vcec= 3.6V or0, Figure 1 35 kQ
Input Resistor 2 RiN2 Vce = 3.6V or 0, Figure 1 132 kQ
(D,\'/lﬁAe)zgqul)'”pUt Resistance RoiFF | Ve = 3.6V or 0, Figure 1 90 107 132 Q
LVCMOS/LVTTL OUTPUTS (OUT_)

Open, undriven short, or

loH = -4.0mA undriven 100Q parallel 2.7 3.2

(MAX9121) termination
Output High Voltage (Table 1) VOH ViD= +100mV 57 39 V

loH = -4.0mA Open or undriven short 2.7 3.2

(MAX9122) ViD= +100mV 27 3.2
Output Low Voltage VoL loL = +4.0mA, V|p = -100mV 0.1 0.25 V
Output Short-Circuit Current los Enabled, Vip = 0.1V, VouT_ = 0 (Note 2) -15 -120 mA
Output High-Impedance Current loz Disabled, Voyt= 0 or Vcc -10 +10 UA
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Quad LVDS Line Receivers with
Integrated Termination and Flow-Through Pinout

DC ELECTRICAL CHARACTERISTICS (continued)

(Vcc = +3.0V to +3.6V, differential input voltage IV|pl = 0.1V to 1.0V, common-mode voltage Vcm = IVip/2l to 2.4V - IV|p/2],

Ta = -40°C to +85°C. Typical values are at Vcc = +3.3V, Ta = +25°C, unless otherwise noted.) (Note 1)

PARAMETER | SYMBOL ‘ CONDITIONS MIN TYP MAX | UNITS
LOGIC INPUTS (EN, EN)
Input High Voltage VIH 2.0 Vce V
Input Low Voltage ViL 0 0.8 V
Input Current lIN VIN_=Vccor0 -15 15 pA
SUPPLY
Supply Current Icc Enabled, inputs open 9 15 mA
Disabled Supply Current lccz Disabled, inputs open 0.07 0.5 mA

AC ELECTRICAL CHARACTERISTICS

(Vcc = +3.0V to +3.6V, CL = 15pF, differential input voltage IVipl = 0.2V to 1.0V, common-mode voltage Vcm = IVip/2l to 2.4V -
IVip/2l, input rise and fall time = 1ns (20% to 80%), input frequency = 100MHz, Ta = -40°C to +85°C. Typical values are at Vcc =
+3.3V, Vcm = 1.2V, IVipl = 0.2V, Ta = +25°C, unless otherwise noted.) (Notes 3, 4)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Differential Propagation Delay '
High to Low tPHLD Figures 2 and 3 1.2 1.93 2.7 ns
leferent@I Propagation Delay tPLHD Figures 2 and 3 10 179 57 ns
Low to High
Differential Pulse Skew [tPHLD - )

tskD1 Figures 2 and 3 140 300 S
tpLHD] (Note 5) S 9 P
Differential Channel-to-Channel .
Skew (Note 6) tskD2 Figures 2 and 3 400 ps
R]Z?ée%tlal Part-to-Part Skew tSKD3 Figures 2 and 3 08 ns
Differential Part-to-Part Skew )
(Note 8) tSKD4 Figures 2 and 3 15 ns
Rise-Time tTLH Figures 2 and 3 0.55 1.0 ns
Fall-Time tTHL Figures 2 and 3 0.54 1.0 ns
Disable Time High to Z tPHZ RL = 2kQ, Figures 4 and 5 14 ns
Disable Time Low to Z tpLZ RL = 2kQ, Figures 4 and 5 14 ns
Enable Time Z to High tPzH RL = 2kQ, Figures 4 and 5 70 ns
Enable Time Z to Low tpzL RL = 2kQ, Figures 4 and 5 70 ns
Maximum Operating Frequency fMAX All channels switching 250 300 MHz
(Note 9)

MAXI/V 3
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MAX9121/MAX9122

Quad LVDS Line Receivers with
Integrated Termination and Flow-Through Pinout

AC ELECTRICAL CHARACTERISTICS (continued)

(Vcc = +3.0V to +3.6V, CL = 15pF, differential input voltage IV|pl = 0.2V to 1.0V, common-mode voltage Vcm = IV|p/2l to 2.4V -
IVIp/2l, input rise and fall time = 1ns (20% to 80%), input frequency = 100MHz, Ta = -40°C to +85°C. Typical values are at Vgc =
+3.3V, Vcm = 1.2V, IV|pl = 0.2V, Ta = +25°C, unless otherwise noted.) (Notes 3, 4)

Note 1: Current into a pin is defined as positive. Current out of a pin is defined as negative. All voltages are referenced to ground
except VTH, VTL, and V|p.

Note 2: Short only one output at a time. Do not exceed the absolute maximum junction temperature specification.

Note 3: AC parameters are guaranteed by design and characterization.

Note 4: C| includes scope probe and test jig capacitance.

Note 5: tskp1 is the magnitude difference of differential propagation delays in a channel. tskp1 = tPHLD - tPLHDI.

Note 6: tskpz is the magnitude difference of the tpLHD or tpHLD of one channel and the tpi HD or tPHLD of any other channel on the same part.

Note 7: tskps is the magnitude difference of any differential propagation delays between parts operating over rated conditions at
the same V¢ and within 5°C of each other.

Note 8: tskp4 is the magnitude difference of any differential propagation delays between parts operating over rated conditions.

Note 9: fiyax generator output conditions: rise-time = fall-time = 1ns (0% to 100%), 50% duty cycle, Von = +1.3V, VoL = +1.1V,
MAX9121/MAX9122 output criteria: 60% to 40% duty cycle, VoL = 0.4V (max), VoH = 2.7V (min), load = 15pF.

Typical Operating Characteristics
(Vce = +3.3V, Vom = +1.2V, IVpl = 0.2V, C| = 15pF, Ta = +25°C, unless otherwise noted.) (Figures 2 and 3)
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Quad LVDS Line Receivers with
Integrated Termination and Flow-Through Pinout

Typical Operating Characteristics (continued)
(Vce = +3.3V, Vom = +1.2V, IVpl = 0.2V, C| = 15pF, Ta = +25°C, unless otherwise noted.) (Figures 2 and 3)
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MAX9121/MAX9122

Quad LVDS Line Receivers with
Integrated Termination and Flow-Through Pinout

Pin Description

PIN NAME FUNCTION
1,458 IN_- Inverting Differential Receiver Inputs
2,3,6,7 IN_+ Noninverting Differential Receiver Inputs
9 16 EN EN Receiver Enable Inputs. Whenﬂ\l = high and EN = low or open, the outputs are active. For
' ' other combinations of EN and EN, the outputs are disabled and in high impedance.
10, 11,14, 15 OuT_ LVCMOS/LVTTL Receiver Outputs
12 GND Ground
13 Vce Power-Supply Input. Bypass Vcc to GND with 0.1uF and 0.001pF ceramic capacitors.

Table 1. Input/Output Function Table

ENABLES INPUTS OUTPUT
EN EN (IN_+) - (IN_-) OouT_
Vip =2 +100mV H
Vip £-100mV L
i e e o r e H
MAX9122 Open or undriven short
All other combinations of ENABLE pins Don't care Zz

Detailed Description

The LVDS interface standard is a signaling method
intended for point-to-point communication over a con-
trolled-impedance medium as defined by the ANSI
TIA/EIA-644 and IEEE 1596.3 standards. The LVDS stan-
dard uses a lower voltage swing than other common
communication standards, achieving higher data rates
with reduced power consumption while reducing EMI
emissions and system susceptibility to noise.

The MAX9121/MAX9122 are 500Mbps, four-channel
LVDS receivers intended for high-speed, point-to-point,
low-power applications. Each channel accepts an
LVDS input and translates it to an LVTTL/LVCMOS out-
put. The receiver is capable of detecting differential
signals as low as 100mV and as high as 1V within an
input voltage range of 0 to 2.4V. The 250mV to 400mV
differential output of an LVDS driver is nominally cen-
tered around a +1.2V offset. This offset, coupled with
the receiver’s 0 to 2.4V input voltage range, allows an
approximate 1V shift in the signal (as seen by the
receiver). This allows for a difference in ground refer-

6

ences of the transmitter and the receiver, the common-
mode effects of coupled noise, or both. The LVDS stan-
dards specify an input voltage range of 0 to +2.4V
referenced to receiver ground.

The MAX9122 has an integrated termination resistor
that is internally connected across each receiver input.
The internal termination saves board space, eases lay-
out, and reduces stub length compared to an external
termination resistor. In other words, the transmission
line is terminated on the IC.

Fail-Safe
The fail-safe feature of the MAX9121/MAX9122 sets an
output high when:

e |nputs are open.
e |nputs are undriven and shorted.
¢ Inputs are undriven and terminated.

A fail-safe circuit is important because under these
conditions, noise at the inputs may switch the receiver
and it may appear to the system that data is being

MAXIMN




Quad LVDS Line Receivers with

Integrated Termination and Flow-Through Pinout
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Figure 1. Input with Fail-Safe Network

received. Open or undriven terminated input conditions
can occur when a cable is disconnected or cut, or
when the LVDS driver outputs are high impedance. A
short condition can occur because of a cable failure.

The fail-safe input network (Figure 1) samples the input
common-mode voltage and compares it to Vcc - 0.3V
(nominal). When the input is driven to levels specified in
the LVDS standards, the input to the common-mode
voltage is less than Vcc - 0.3V and the fail-safe circuit
is not activated. If the inputs are open or if the inputs
are undriven and shorted or undriven and parallel ter-
minated, there is no input current. In this case, a pullup
resistor in the fail-safe circuit pulls both inputs above
Vce - 0.3V, activating the fail-safe circuit and forcing
the output high.

Applications Information
Power-Supply Bypassing

Bypass the Vcc pin with high-frequency surface-mount
ceramic O0.1pyF and 0.001uF capacitors in parallel as

MAXIMN

close to the device as possible, with the smaller valued
capacitor closest to Vcc.

Differential Traces
Input trace characteristics affect the performance of the
MAX9121/MAX9122. Use controlled-impedance PC
board traces to match the cable characteristic imped-
ance. The termination resistor is also matched to this
characteristic impedance.

Eliminate reflections and ensure that noise couples as
common mode by running the differential traces close
together. Reduce skew by matching the electrical
length of the traces. Excessive skew can result in a
degradation of magnetic field cancellation.

Each channel’s differential signals should be routed
close to each other to cancel their external magnetic
field. Maintain a constant distance between the differ-
ential traces to avoid discontinuities in differential
impedance. Avoid 90° turns and minimize the number
of vias to further prevent impedance discontinuities.

CCI6XVIN/IC I6XVIN



MAX9121/MAX9122

Quad LVDS Line Receivers with

Integrated Termination

and Flow-Through Pinout

PULSE
GENERATOR**

509*%

IN_+
ouT_
. T
50Q" RECEIVER ENABLED
1/4 MAX9121/MAX9122

*50Q REQUIRED FOR PULSE GENERATOR.
“*WHEN TESTING THE MAX9122, ADJUST THE
PULSE GENERATOR OUTPUT TO ACCOUNT

FOR INTERNAL TERMINATION RESISTOR.

Figure 2. Propagation Delay and Transition Time Test Circuit

Vip=0 Vip Vip=0
L
IN_+ A
| lPLHD tPHD |-
Z X Von
Vip = (Vin_+) - (VIn_-) 80% 80%
NOTE: Ve = (Vin- + Vin:)
2 = 50% 50%
20% 20%
\

our- | ITH [e— > L oL

Figure 3. Propagation Delay and Transition Time Waveforms

Cables and Connectors
Transmission media typically have a controlled differen-
tial impedance of 100Q. Use cables and connectors
that have matched differential impedance to minimize
impedance discontinuities.

Avoid the use of unbalanced cables such as ribbon or
simple coaxial cable. Balanced cables such as twisted
pair offer superior signal quality and tend to generate
less EMI due to magnetic field canceling effects.
Balanced cables pick up noise as common mode,
which is rejected by the LVDS receiver.

Termination
The MAX9122 has an integrated termination resistor
connected across the inputs of each receiver. The

value of the integrated resistor is specified in the DC
characteristics.

The MAX9121 requires an external termination resistor.
The termination resistor should match the differential
impedance of the transmission line. Termination resis-
tance values may range between 90Q to 132Q,
depending on the characteristic impedance of the
transmission medium.

When using the MAX9121, minimize the distance
between the input termination resistors and the
MAX9121 receiver inputs. Use 1% surface-mount resis-
tors.

MAXIMN




Quad LVDS Line Receivers with
Integrated Termination and Flow-Through Pinout

Vee S
*—O 01
RL
DEVICE
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Bilo— pan

C( INCLUDES LOAD AND TEST JIG CAPACITANCE.
S1=Vgc FOR tpzi AND tp 7 MEASUREMENTS.
S1=GND FOR tpz4 AND tpz MEASUREMENTS.

Figure 4. High-Impedance Delay Test Circuit
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\15\/ 1.5V
0

3V
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EN WHEN EN = Ve 0
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Vip =-100mV X VoL
> bz e la— Pz —
OUTPUT WHEN i Vou
Vip = +100mV 3 40-5V

50%

GND

Figure 5. High-Impedance Delay Waveforms

Board Layout Chip Information
Because the MAX9121/MAX9122 feature a flow-through
pinout, no special layout precautions are required. TRANSISTOR COUNT: 1354
Keep the LVDS and any other digital signals separated PROCESS: CMOS
from each other to reduce crosstalk. ’

For LVDS applications, a four-layer PC board that pro-
vides separate power, ground, LVDS signals, and input
signals is recommended. Isolate the input LVDS signals
from each other to prevent coupling. Isolate the output
LVCMOS/LVTTL signals from each other to prevent
coupling. Separate the input LVDS signals from the out-
put signals planes with the power and ground planes
for best results.

MAXIMN 9
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Quad LVDS Line Receivers with
Integrated Termination and Flow-Through Pinout

Functional Diagram

MAX9121/MAX9122

Vee Vee

IN1+ INT+ L 4
- OUT1 mi%_@
Nt-4—0q IN1- 4
IN2+ IN2+
- 0UT2 107Q
IN2- . IN2-
[
IN3+ IN3+
- 0UT3 107Q
IN3- 4 IN3-
[ q
IN4+ IN4+
- 0UT4 107Q
IN4- Ie IN4-
[ [

BN MAXIMN EN MAXIMN

MAX9121 MAX9122
| |
GND GND

- 0UT1

- 0UT2

A+

VAVAVAY

- 0UT3

AN+

- 0UT4

A\

W

Pin Configuration

TOP VIEW

-] ° [16] EN
N+ [ 2] [15] ouTt

N2s [3] MAXIM [14] out2
mAx9121 |13] vee

[4]

B RS2
N3+ [6 | [11] ours

[7] [10] our4

[e] BE

TSSOP/SO

10 MAXIMN




Quad LVDS Line Receivers with
Integrated Termination and Flow-Through Pinout

Package Information

(%]
i
- 1.00 ;
I—— #1.00 2
3 2 1| &
o
Z
o
2
100 b COMMON DIMENSIONS @
g % [MILLIMETERS NCHES
H |4 MIN MAX. MI MAX
Al — 1.10 043
A 005 015 | 002 .006
As| 0.85 095 | .033 037
o[ 019 030 | .007 012
“ “ “ I_ o019 025 | 007 010
c| 0090 | 020 | .0035 | .008
cl 0090 [ 0435 [ 0035 | .0053
BOTTOM VIEW D [SEE_VARIATIONS [SEE_VARIATIONS
0P VIEY E] 430 450 | 169 17
SEE DETAIL A e 0.65 BSC 026 BSC
€ A & H[ 625 650 | 246 [ .256
, fe N c L[ 050 | 070 | 020 | (028
s ) S—) 1 I : N[SEE VARIATIONS [SEE _VARIATIONS
m@ i Rt w| 0° 8° 0 8°
\_Q o.40lc 425 N % | ]
Ay
' D SEATING E— JEDEC VARTATIONS
SIDE VIEW END VIEW MO-153 | N MILLIMETERS INCHES
MIN. MAX. [ MIN. MAX.
AB-1 [14[D [ 4.90 510 193 201
0.25 b—-| AB 16 4.90 510 193 201
Bsc—L bl AC 20 ) 6,40 660 | 252 | 260
T~ AD 24 7.70 7.90 | .303 | 311
WITH PLATING\ AE 28 9.60 9.80 378 386
1, |
/v cl c
BASE METAL —L = I

NOTES: LEAD TIP DETAIL
1. DIMENSIONS D AND E DO NOT INCLUDE FLASH
2, MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 045mm PER SIDE

3. CONTROLLING DIMENSION: MILLIMETER /VI /J X I /VI
4, MEETS JEDEC OUTLINE MO-153. SEE JEDEC VARIATIONS TABLE.

. “N* REFERS TO NUMBER OF LEADS FROPRIETARY INTRAATION
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-]; THE OTHER PLANE IS AT THE SPECIFIED DISTANCE FROM [-C-1 IN THE APPROVAL TGCOHENT CONTROL M. ]
DIRECTION INDICATED. 21-0066 £ /1
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MAX9121/MAX9122

Quad LVDS Line Receivers with
Integrated Termination and Flow-Through Pinout

Package Information (continued)

SOICNEPS

00 000 1

“ ‘ D | ‘ 0°-g°
AEROAEDLLY LA }
‘EEJBAP 4 EC L

INCHES MILLIMETERS INCHES MILLIMETERS

MIN MAX | MIN | MAX MIN MAX | MIN | MAX | N |MSO12
A10,053(0069| 1.35(1.75 D|0189 (0,197 | 4.80|5.00 |8 A
A110.004 |0.010 | 0,10 |0.25 D|0.337(10.344| 855/8.75|14| B
B|10.014 |0.019 | 0.35]0.49 D|0.386(0.394| 9.80/10.00]16]| C
C 10,007 (0,010 | 0191025
e 0.050 127 NOTES:
E10150 |0157 | 3.8014.00 {, D&E DO NOT INCLUDE MOLD FLASH
H|0.228]0.244] 5.80[6.20 Gl
N 10,010 |0.020 | 0.25]0.50 3. LEADS TO BE COPLANAR WITHIN
L [0.016 [0.050 ] 0.40[1.27 CONTROLLING DIMENSION: MILLIMETER

4.
5. MEETS JEDEC MS012-XX AS SHOWN
IN ABOVE TABLE

6. N = NUMBER OF PINS

AAAKLAV [ppir Py DUTLING SOIC 150 | L7 | 210041 A
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