MMIC SURFACE MOUNT

Fixed Attenuator BAT-10+

1 Mini-Circuits’ 500 DCto60GHz 2W 10dB

THE BIG DEAL
Wideband, DC to 60 GHz
High Power Handling, 2 W
Excellent Return Loss, Typ. 22 dB
1.5x1.5 mm, 6-Lead QFN-Style Package

Generic photo used for illustration purposes only

FUNCTIONAL DIAGRAM
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PRODUCT OVERVIEW

BAT-10+ is a wideband, bidirectional, absorptive fixed attenuator fabricated using a highly reliable and repeatable GaAs
semiconductor process. Operating from DC to 60 GHz, this model achieves outstanding attenuation accuracy and flatness
while maintaining excellent return loss throughout the entire band. The model can handle input power up to 2 W, making it an
ideal choice for a wide range of applications such as Test & Measurement, Satellite Communications, Radar, EW, ECM Defense
Systems, Telecom Infrastructure, and 5G.

KEY FEATURES

Features Advantages

Flat attenuation response from DC to 60 GHz supports a wide array of applications including Test & Measure-

Wideband Operation, DC to 60 GHz ment Equipment, Satellite Communications, Radar, EW, ECM Defense Systems, & 5G applications.

Low Return Loss minimizes reflections and enables flexibility to implement anywhere within wideband signal

Excellent Return Loss .
chains.

Small footprint saves space in dense layouts while providing low inductance and excellent thermal contact to the

1.5x1.5 mm 6-Lead QFN-Style Package PCB. Industry-standard packaging allows for ease of assembly in high-volume manufacturing processes.

REV. A
EC0-024367
BAT-10+
MCL NY
250207
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MMIC SURFACE MOUNT

Fixed Attenuator BAT-10+

1 Mini-Circuits 500 DCto60GHz 2W 10dB

ELECTRICAL SPECIFICATIONS™? AT +25°C, 50Q, UNLESS NOTED OTHERWISE

Parameter Condition (GHz) Min. Typ. Max. Units
Frequency Range 0.01 60 GHz
0.01-10 9.4 10.0 10.5
10-20 9.3 10.0 10.6
20-30 9.0 10.0 11.0
Attenuation dB
30-40 8.8 9.9 111
40-50 9.8
50-60 9.7
0.01-10 27
10-20 27
20-30 22
Input Return Loss dB
30-40 18
40-50 16
50-60 15
0.01-10 27
10-20 27
20-30 22
Output Return Loss dB
30-40 18
40-50 16
50-60 15

1. Tested on Mini-Circuits Characterization Test/Evaluation Board TB-BAT-10C+. See Figure 2. Board loss de-embedded to the device.
2. Bi-directional RF-IN and RF-OUT ports can be interchanged.
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MMIC SURFACE MOUNT

Fixed Attenuator BAT-10+

1 Mini-Circuits 500 DCto60GHz 2W 10dB

TYPICAL PERFORMANCE GRAPHS
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MMIC SURFACE MOUNT

Fixed Attenuator BAT-10+

1 Mini-Circuits 500 DCto60GHz 2W 10dB

ABSOLUTE MAXIMUM RATINGS?

Parameter Ratings
Operating Temperature -45°C to +105°C
Storage Temperature -65°C to +150°C
RF Input Power* 2W

3. Permanent damage may occur if any of these limits are exceeded. Maximum ratings are not intended
for continuous normal operation.
4. Power derated to 1 W at +105°C.

ESD RATING
Class Voltage Range Reference Standard
HBM 2 >2000V ANSI/ESD STM 5.1-2001
CDM C3 >1000V ANSI/ESDA/JEDEC JS-002-2022

ESD HANDLING PRECAUTION: This device is designed to be Class 2 for HBM. Static charg-

A es may easily produce potentials higher than this with improper handling and can discharge

“% \ into DUT and damage it. As a preventive measure Industry standard ESD handling precau-
tions should be used at all times to protect the device from ESD damage

MSL RATING
Moisture Sensitivity: MSL1 in accordance with IPC/JEDEC J-STD-020E /JEDEC J-STD-033C

L4 Mini-Circuits
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MMIC SURFACE MOUNT

Fixed Attenuator BAT-10+

1 Mini-Circuits 500 DCto60GHz 2W 10dB

FUNCTIONAL DIAGRAM PAD DESCRIPTION
- ] [ - Function Pad # Description (Refer to Figure 2)
GND I‘ \ \ E GND RF-IN 2 RF-IN Pad connects to RF Input port.
} } RF-OUT 5 RF-OUT Pad connects to RF Output port.
(o4 Iy
RF-IN RF-OUT
12] i o i 15 GND 1’;53&2& Connects to ground.
\ \
wols] || [g]ow
1 [

Figure 1. BAT-10+ Functional Diagram

- 7/ 7 Electrical Parameters and Conditions
Insertion Loss and Return Loss are measured using N5247B PNA-X microwave
network analyzer.

Conditions:
1. Insertion Loss and Return Loss: Py = -5 dBm

RF-OUT

| |
| |
A G N
| |
| |

£,3,4,6, & Paddle

Figure 2. BAT-10+ Characterization and Application Circuit.

L4 Mini-Circuits

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com PAGE 5 OF 7



MMIC SURFACE MOUNT

1 Mini-Circuits’ 500 DCto60GHz 2W 10dB

CASE STYLE DRAWING
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NOTES:

- Y DENOTES METALLIZATION

Weight: .0036 grams
Dimensions are in mm [inches]. Tolerances: 2 Pl.+ 0.05 mm

PRODUCT MARKING

o <«——— black body

el BT

index over pin 1
10 <«———model family designation

Marking may contain other features or characters for internal lot control
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MMIC SURFACE MOUNT

Fixed Attenuator BAT-10+

1 Mini-Circuits 500 DCto60GHz 2W 10dB

ADDITIONAL DETAILED INFORMATION IS AVAILABLE ON OUR DASHBOARD

Data
Performance Data Graphs
S-Parameter (S2P Files) Data Set (.zip file)
Case Style KC3009 Plastic package, exposed paddle, lead finish: Nickel-Palladium-Gold
RoHS Status Compliant
Tape & Reel F66
Standard quantities available on reel 7" reels with 20, 50, 100, 200, 500, 1000, 2000, or 3000 devices
Suggested Layout for PCB Design PL-801
. TB-BAT-10C+
Evaluation Board Gerber File
Environmental Ratings ENVO8T1
Notes

A. Performance and quality attributes and conditions not expressly stated in this specification document are intended to be excluded and do not form a part of this specification document.
B. Electrical specifications and performance data contained in this specification document are based on Mini-Circuits' applicable established test performance criteria and measurement instructions.

C. The parts covered by this specification document are subject to Mini-Circuits' standard limited warranty and terms and conditions (collectively, "Standard Terms"; Purchasers of this part are entitled to the rights and benefits
contained therein. For a full statement of the standard terms and the exclusive rights and remedies thereunder, please visit Mini-Circuits' website at https://www.minicircuits.com/terms/viewterm.html|
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MMIC Attenuator

BAT-10+

Typical Performance Data

Definitions:

Input Return Loss = -S11 (dB)
Attenuation = -S21 (dB)

Output Return Loss = -S22 (dB)

Attenuation Input Return Loss Output Return Loss
FREQ

45°C | +25°C | +85°C | +105°C | -45°C | +25°C | +85°C | +105°C | -45°C | +25°C | +85°C | +105°C

(MHz) [ (dB) (dB) (dB) (dB) (dB) (dB) (dB) (dB) (dB) (dB) (dB) (dB)
0009 | 9.93 9.93 9.95 994 | 2566 2518 2481 2472 | 2583 2534 2495 2487
05 9.95 9.95 9.95 996 | 2594 2547 2500 2496 | 2626 2577 2538 2525
1 9.94 9.95 9.95 995 | 2591 2544 2503 2493 | 2633 2583 2543 2527

5 9.95 9.95 9.95 995 | 2604 2556 2504 2485 | 2658 2608 2561 2544
10 9.96 9.96 9.95 995 | 2587 2533 2479 2461 | 2653 2600 2552 2535
100 9.94 9.95 9.95 995 | 2691 2616 2566 2548 | 2684 2620 2577 2563
200 9.94 9.95 9.95 995 | 27.22 2631 2574 2557 | 27.28 2641 2500 2570
400 9.95 9.95 9.95 995 | 2729 2662 2616 2600 | 27.32 2658 2607 2593
600 9.96 9.96 9.96 996 | 27.31 2673 2633 2623 | 2715 2665 2624 26,09
800 9.97 9.96 9.96 996 | 27.23 2676 2636 2623 | 2712 2658 2616  26.02
1000 9.97 9.96 9.96 996 | 2711 2674 2638 2625 | 2668 2638 2599 2583
2000 9.98 9.97 9.96 996 | 2669 2639 2596 2579 | 2596 2566 2520 2501
4000 9.97 9.95 9.94 994 | 2944 2827 2729 2705 | 2872 2759 2679 2658
6000 9.99 9.96 9.96 996 | 2661 2701 2698  27.00 | 2557 2580 2574  25.66
8000 | 1000  9.96 9.97 998 | 2593 2602 2615 2638 | 2510 2512 2515 2519
10000 | 9.98 9.94 9.95 997 | 3336 3076 2045 2007 | 3522 3657 3727  37.01
12000 | 9.97 9.94 9.95 997 | 2471 2516 2525 2553 | 27.27 2747 2839 2873
14000 | 1002 997 9.98 1000 | 2490 2517 2591 2631 | 2202 2337 2433 2439
16000 [ 9.95 9.91 9.94 997 | 2690 3046 3186 3333 | 21.86 2276 2411 2471
18000 | 9.96 9.92 9.93 996 | 3112 2050 2965 2041 | 2715 2650 2866  30.16
20000 | 9.97 9.91 9.95 998 | 27.37 2669 2593 2575 | 1999 2012 2079 2121
22000 | 1010 1003 1002 1003 | 19.44 2022 2133 2193 | 1580 1667  17.60  17.92
24000 | 1001 9.95 9.96 998 | 1918 2022 2117 2199 | 1904 1895 1992  20.46
26000 | 9.95 0.88 9.90 993 | 2608 2600 2726 2820 | 2558 2526  27.03  27.70
28000 | 9.91 9.85 9.87 992 | 2268 2493 2442 2358 | 2710 3088 2942  28.49
30000 | 9.90 9.85 9.88 992 | 2489 2344 2392 2465 | 2608 2353 2364 2414
32000 | 9.89 9.78 9.82 987 | 2057 2402 2444 2402 | 2086 2301 2356 2359
34000 | 9.82 9.78 9.82 986 | 1896 1748 1726  17.24 | 2015 2467 2480 2512
36000 | 9.89 9.84 9.89 994 | 1589 1667 1699 1711 | 1431 1542 1557 1550
38000 | 1000  9.92 9.01 9903 | 1771 1880 1985 2045 | 1272 1258 1304  13.28
40000 | 9.70 9.63 9.66 969 | 1975 2187 2352 2402 | 1438 1570 1697  17.61
42000 | 9.58 9.52 9.56 960 | 2008 2582 2465 2382 | 2235 2654  27.87  27.66
44000 | 9.67 9.61 9.66 972 | 2185 2198 2109 2066 | 1991 2012 1912 1857
46000 | 9.80 9.86 9.87 990 | 1376 1359 1422 1455 | 1538 1487 1555 1597
48000 | 1023 1011 1004 1004 | 1095 1197 1292 1345 | 9.80 1092 1182 1217
50000 | 9.65 9.70 9.70 974 | 1462 1547 1656  17.21 | 1193 1200 1274  13.00
52000 | 9.44 9.39 9.45 952 | 1748 1801  17.94 1780 | 1675  17.82 1806  17.94
54000 | 9.44 931 9.38 943 | 1819 2043 2036 2052 | 1499 1624 1618 1617
56000 | 9.30 9.24 9.31 935 | 2426 2012 2118 2179 | 1924 1884 1942  19.72
58000 | 9.96 9.66 9.74 980 | 1062 1183 1195  11.84 [ 1200 1278 1279 1270

60000 | 1015 1022 1031 1033 | 1143 1043 1059 1079 | 8.66 8.42 8.56 8.64

62000 | 1073 1022 1020 1023 | 948 1207 1270 1284 | 7.45 8.31 8.66 8.73
64000 | 9.86 9.77 9.74 974 | 1872 1516 1695 1852 | 1111 1086 1187 1237
66000 | 9.86 9.74 9.86 995 | 1211 1542 1530  14.99 | 1035 1354 1440 1457
67000 | 9.46 9.59 9.76 985 | 2030 1491 1441 1439 | 1621 1643 1623 1621
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MMIC Attenuator

BAT-10+

Typical Performance Curves

INSERTION LOSS vs. TEMPERATURE
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Case Style KC

Outline Dimensions KC3009
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NI DENOTES METALLIZATION

Weight: .0036 grams
Dimensions are in mm [inches]. Tolerances: 2 P1.£ 0.05 mm

Notes:
1. Case material: Plastic.
2. Termination finish: NiPdAu (3um/0.080pum/0.080um) .
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THIRD ANGLE PROJECTION REVISIONS
REV| ECN No. DESCRIPTION DATE | DR AUTH
G OR |EC0-023573 NEW RELEASE 11/08/24] ITG | IL

SUGGESTED MOUNTING CONFIGURATION FOR
KC3009 CASE STYLE

$.008 PTH FOR GROUND,
PACKAGE PLUGGED FROM TOP SIDE
OUTLINE / & CAPPED WITH COPPER, 11 PL.
PIN 1 COPLANAR WAVEGUIDE
T .012 LINE WIDTH,
.007 GAP, 2 PL.
/9 (SEE NOTE 1)
RF-IN RF-0OUT

9

\~¢.008 PTH FOR GROUND

NOTES:

1. LINE WIDTH AND GAP ARE SHOWN FOR ROGERS RO4350B WITH DIELECTRIC THICKNESS
.0066”; COPPER: 1 OZ. EACH SIDE.

FOR OTHER MATERIALS LINE WIDTH AND GAP MAY NEED TO BE MODIFIED.
2. BOTTOM SIDE OF THE PCB IS CONTINUOUS GROUND PLANE.

_ DENOTES PCB COPPER LAYOUT WITH SMOBC (SOLDER MASK OVER BARE COPPER).
DENOTES COPPER LAND PATTERN FREE OF SOLDER MASK.

UNLESS OTHERWISE SPECIFIED INITIALS DATE . . . R ®
DIMENSIONS ARE IN INCHES DRAWN ITG 11/08/24 | | \/I _ C t 13 Neptune Avenue
TOLERANCES ON: CHECKED GF 11/08/24 [TTT lnl lrcu]l‘ S Brooklyn NY 11235
2 PL DECIMALS #
:N(P;II:E DE;::IMALS + .005 APPROVED IL 11/08/24
s
meoss PL,KC3009,TB—BAT-#+ /TB-BAT-#C+
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EXCEPT FOR USE EXPRESSLY GRANTED, IN WRITING, TO ITS VENDORS, VENDEE K .

AND THE UNITED STATES GOVERNMENT, MINI-CIRCUITS RESERVES ALL PROPRIETARY SIZE CODE IDENT | DRAWING NO: REV:
DESIGN, USE , MANUFACTURING AND REPRODUCTION RIGHTS THERETO. A 15542 98 _PL_ 80 1 OR
THESE CONTENTS SHALL NOT BE USED, DUPLICATED OR DISCLOSED TO ANY OUTSIDE

PARTY, IN WHOLE OR IN PART, WITHOUT WRITTEN PERMISSION OF MINI-CIRCUITS.
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Evaluation Board and Circuit

SEE DETAIL "A”

.

= DETAIL "A”
& s (SCALE 5:1)
/// . s

A%

Tgeom |
RF—IN ( ?73 E‘@) RF—=0OUT Function Pad
= E‘T ]E = RF-IN 2
- - RF-OUT 5
9 THRU LINE 9 GND 1.3.4.6

Schematic Diagram
(Scale 5:1)

NOTES:
1.

1.85mm Female Connectors.
2. PCB Material: Roger RO4350B or equivalent,

Dielectric constant=3.5, Thickness=0.0066 inch m Mini—Circuits®

DWG NO: TB—BAT-10C-20+
THIS DOCUMENT AND ITS CONTENTS ARE THE PROPERTY QF MINI-CIRCUITS.

REV: A
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Environmental Specifications

ENVO08T1

All Mini-Circuits products are manufactured under exacting quality assurance and control standards, and are capable of meeting published specifications after being subjected to

any or all of the following physical and environmental test.

Specification

Test/Inspection Condition

Reference/Spec

Operating Temperature

Storage Temperature

HTOL

Thermal Shock

Mechanical Shock

Vibration (Variable Frequency)

Autoclave

HAST

Solderability

Solder Reflow Heat

Moisture Sensitivity: Level 1

-40° to 85° C or -45° to 85° C or -55° to 105° C or -40° to

105° C or -40° to 95° C
Ambient Environment

-55° to 100° C or -65° to 150°
Ambient Environment

1000 hours at 125°C

-55° to 100°C, 100 cycles

1.5Kg, 0.5 ms, 5 shock pulses, Y1 direction only

50g peak

15 psig, 100% RH, 121°C, 96 hours

130°C, 85% RH, 96 hours

10X Magnification

Sn-Pb Eutetic Process: 240°C peak

Pb-Free Process: 260°C peak

Bake at 125°C for 24 hours

Soak at 85°C/85% RH for 168 hours, Reflow 3 cycles at

260°C peak

Individual Model Data Sheet

Individual Model Data Sheet

MIL-STD-883, Method 1005, Condition B

MIL-STD-202, Method 107, Condition A-3, except
+100°C

MIL-STD-883, Method 2002, Condition B, except Y1
direction only

MIL-STD-883, Method 2007, Condition B

JESD22-A102, Condition C

JESD22-A110

J-STD-002, Para 4.2.5, Test S, 95% Coverage

J-STD-020, Table 4-1, 4-2 and 5-2; Figure 5-1

J-STD-020

ENV0O8T1 Rev: D 12/16/24 DCO-1621 File: ENVO8T1.pdf

This document and its contents are the property of Mini-Circuits.

Page: 1




] Mini-Circuits

any or all of the following physical and environmental test.

Environmental Specifications ENVO0S8T1

All Mini-Circuits products are manufactured under exacting quality assurance and control standards, and are capable of meeting published specifications after being subjected to

Specification

Test/Inspection Condition

Reference/Spec

Marking Resistance to Solvents

Isopropyl alcohol + mineral spirits at 25°C; terpene defluxer
at 25°C;

distilled water + proylene glycol monomethyl ether +
monoethanolamine at 63°C to 70°C

MIL-STD-202, Method 215

This document and its contents are the property of Mini-Circuits.

ENV0O8T1 Rev: D 12/16/24 DCO-1621 File: ENVO8T1.pdf
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