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e ATE Introduce

e ADIATE Product Introduce

» Per Pin Parametric Measurement Unit(PPMU)
» Device Power Supply(DPS)
» Switch & Multiplexer
e ADI High Speed Test Solution
>  MEMS Switch
» Digital Tunable Filters
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Do you know them?

?
OPS ? PMU *

pCcL?

Teradyne ETS-364 System



Terminology

DPS
= Device Power Supply

PPMU
= Per Pin Parametric Measurement Unit

DCL
= Driver, Comparator and Load

PE
= Pin Electronic

DUT
= Device Under Test

FV/FI (same as CV/CC)
VCH /VCL

A probe card is a jig used for electrical testing of an
LSI (large-scale integrated circuit) chip on a wafer
during the wafer test process in LSI manufacturing.

A probe card is docked to a wafer prober to serve as a
connector between the LSI chip electrodes and an LSI
tester as a measuring machine. The needles of the
probe card contact the LSI chip electrodes to conduct
electrical testing for the go/no-go test.

The wafer test process is highly important and highly
dependent on the reliability of probe cards.

Wafer Test System

Test head

Cabile

Measurement part  Wafer handling part
and stage travel part

Wafer prober

Tester Opening/closing A

Performance board —]

Spring contact pin

Probe Card
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—— Probe neede

!

/ /—Mold base

Printed circuit board

Waler chuck

X, ¥, Z. 8 ravel mechanism

Test head

- Probe card

Wafer
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|C Manufacture Test Process

Cycle Probe Test l Final Test l System Level Test l
=l .l
ICs ICs

Wafer

Probe Card Module Boards

Picture is refer to Chroma website



ATE Tester Category ---- DUT

Digital

Mix-signal

GPU ¢
CPU °
DSP .
Logic IC .
Data converter -
loT IC .
Power .
RF parts .
DRAM

SRAM

EEPROM

NAND/NOR Flash

MIPI interface

Video IC

PCI

High Speed Interface

LCD driver
Automotive IC
SoC

IGBT

ANALOG
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Additional Information / Links

AWG / Func Gen

Switches:

&"S‘_

—_—

Data Acg /
RF

ANALOG
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PC
NAND > MCU/DSP <«—» DDR2
Clﬁ(i:tk > FPGA or Custom Timing / Interface Control ASIC <+—» DDR3
A A A A A
\ ADC :’ ADC ¥ A?C\I Discussion
\ 4 \ 4 v T T
I
RF RF - HV LV Digital |<— PE, DPS,
LSourceJ LReceiveJ @j Dlgltljbj PMU I pmu /o (PE) |
) 4 C N1 N - - '
, — ADC'’s
Relay Matrix
=82
DUT
Mixed Signal Digital/Memory Test
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Example Digital I1/O Signal Chalin DS

'@.4 o
To D/C/L

__________ -

Integrated Pin Electronics :l]



ANALOG

What Functions and Specs need to perform at ATE Qseics

Functional Test: Open , short
DC Parametric Test: VOH, VOL, IIH, IIL, Supply Voltage/Current (with PMU)
AC function Test: Read/Write timing, Truth Table, Setup Time/Hold Time ..etc. (with DCL etc.)

Driver
VOL@Ilout=0.4mA CS \< _\J
S /"
0.4mA
-—____>

v

Comparator



Who uses PMU? --- Parameter Measurement Unit o

AHEAD OF WHAT'S POSSIBLE™

PPMU CONFIGURATION in FORCE VOLTAGE MEASURE CURRENT

Instrument Boards:
= As a VI - forcing current/voltage

PPMU
I DUT

Current Sense
Resistor Network Transmission Line

Vin O—

= As a low current DPS without an external amplifier o] | — |{>
FAAA— o]
= Or a high current DPS with an external amplifier

= Or as SMU (source/measure unit) Vouto——_

Uni-directional

|
I ‘ PPMU CONFIGURATION in FORCE CURRENT MEASURE VOLTAGE
PPMU
L }_ DUT
Current Sense

Vin 0— Resistor Network Transmission Line
Vi e x OP AMP {>

In Ve 4{) :

’» OP AMP
Vout &

Diode I/V curve

10



PMU --- Open/Short test

Open/Short test
Continuity test
Contact test
Make sure the internal connection

Upper diode and Lower diode

Test the signal Pin and Power pin diode

Test method
DC measurement
Pattern measurement

11
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PPMU
FI MV operation

Clamp at 3V

\

* DUT

4

Vss
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PMU --- FIMV with Clamp V function

Open/Short test step

= Connect all pins to GND except for DUT pin

= Force current 100uA to DUT pins -

. Set clamp as 3V ForceallpmstoO(\;HHHHHHHHHHHH

= Measure the voltage _ FiM_U_ I T AT m-
. E— - — —

Pass or Fail | 0.65V  —

= Normal result is 0.65V
= QOpenresultis 3V
= Short result is lower than 0.1V

= +
\ — (1 DUT ] —
- — -
| -l
| — | ) —
| — T

vss T —

iEEEEEEEEEEL
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PMU --- The result of Open or Short for Vdd diode  [aoeics

The open causes 3V at MV mode The short causes 0V at MV mode

PMU dad
|

FI T
- -

—— = |
— T
=
=
L1
o=

Vss

7

ililililili

GND \{ \ GND )
— PMU N Vcd —
0.65V oo \ * 0.65V
Foo +
DUT

+
DUT

E

Clamp 3V \V/ss

ilslslss]s]s]s]s]s|sis

ililili

ilslslss]s]s]s]s]s|sis

iiEEREEREL]E iiEEREERELLE
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PMU --- Diode test e

AAAAAAAAAAAAAAAAAAAAAAA

Open/Short test step
= Connect all pins to GND except for DUT pin
= Force current -100uA to DUT pin P H H HH H H H H H H HH
= Set clamp as -3V T
= Measure the voltage PMU | Vad

—— = - - -

FI | —
Pass or Fail ' —
= -DUT

| Vss +

iiEEREERELLE

ilslslss]s]s]s]s]s|sis

[
[
: [
= Normal result is -0.65V | - |
= 0 Itis -3V ! e
pen resu | — 065V
= Short result is larger than -0.1V | | o
| | T
[ [

14



PMU --- How Does it Work

Force Current Measure Voltage
= Diode Testing, ESD Diodes on IC

= Voltage Clamps provided when forcing current to
protect DUT (Open Circuit)

15

| Force

V Measure
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Force Voltage Measure Current
= Leakage Current Testing

= Current Clamps to protect DUT when forcing voltage,
Short circuit protection

| Measure

— V Force
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16

PPMU

* 50mA high current range
* 2UA low current range

* FvMi, FiMv

PIN DRIVER

» ~ 3Gbit/sec toggle rate

* -2V to + 6V output range

* 50ps edge placement accuracy

ACTIVE LOAD
* 100uA to 25mA range
* High speed switching

COMPARATORS

* 1.2Ghz bandwidth

» SE and DIFF operation

* 50ps edge timing accuracy

High Voltage Driver
» 200ns rise time

* 0to 14V output range
* 60mA current limit

DACs and Digital

» 16bit 500uV INL

* Oto 5V output range

» Gain / Offset calibration
* Six pin SPI

E3xx Block Diagram and

ypical Key Features

VOH, PPMU
GO/NOGO TO ALARM TO ALARM OVER
PPMU_CMPHO
- (PPMU High/Low (High/Low VOLTAGE
PPMU_CMPLO Clamp Fault) Voltage Fault)
VoL,
UERY
PPMU_MEASO E‘@ out
.
PRS0 54’_@7
s F
{ vero | ——3%——11 PMU_FO
vTTo O] VIT / VCOMO
VILO PMU_SO
g2 <gs < ——o—H _
o g O <
3S S3s S
paTo O] DRIVER
—o ! W\ 1 puto
DATOb []
rcvo O] /T
RCvob [} 10L0
ACTIVE
& LOAD >
VCOMo|  —So—eeeee--n ;
- Ly
é
cMPHo [
CMPHOb [}
COMPARATOR
cMPLO [
CMPLOb []
TEMP
URERY) SENSOR
DAT,
ALARMb
RCV, HVOUT
SDI VPLUS
SCLK —
Csh SPI Gain / Offset vee
Correction
SDO 2x12
16bit DACs DCOM
BUSYb J—
VsS

RSTh

COMMON

CHANNEL 1
(Same as Channel 0 except where noted)

ANALOG
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AHEAD OF WHAT'S POSSIBLE™

2to 8

channels
per device



Driver S

Triggered Tektronix  _ | X|

ADI’s Driver waveforms provide superior fidelity R
= Waveform Integrity Key for High Performance e o
= New Driver Architectures — Speed, Power Density improvement = LS4 -

Waveform
. : “Eye”
Important Characteristics (with examples) d
= Timing accuracy / jitter |
= \oltage range (-1.5 to 6.5V)
= Good waveform fidelity from Vswing low to high | o
= Speed: x MHz to y GHz (sweet spot: 1.6GHz or 3.2Gbps) e M Ml Mo Bl
. . Example = 2V programmed, 1.5Gbps
= Fast switching between modes Very open Eye - Low Jitter (20ps p-p)
= Cable Loss Compensation (CLC)
. . VTTO E - ) \.-'IT.'VTI..":':EIDMC- :‘gtg
Typical modes of operation: U% %é%
= Drive high level (VH) oATO [ I e TT e b
= Drive low level (VL) DATo> L W
_ _ _ rReVo [ [~ (SPI)
= Drive termination level (VT) — T . DATA| RCV_| VTINH | DRIVER STATE
. . 0 ] X WL
= High impedance mode 1| o x VH
% 1 0 INH
17 X 1 1 VT
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Comparator B | BEVICES

Triggered i IX] AHEAD OF WHAT'S POSSIBLE™

Important Characteristics (with examples)
- Dispersion: edge timing accuracy Vvs:
- Input slew rate, overdrive, pulse width
- \Voltage range (-1.5 to 6.5V) T
- Input Analog Bandwidth | T NREENENNN]
- Speed / Shmoo Performance | L e

Modes of operation

- Single-ended Compare
- Window Compare

- Differential Compare

48.5 4%.5 50.5 51.5 52.5 53.5 5
g 1 ds

CMPHO [ < / Vo
e
CMPHOb [ \\ /
COMPARATOR ]—mé o
CMPLO [ </ / \
e
CMPLOb [ - N

Ch1
18



Active Load

Provides a precise programable source and sink current load
for testing the DUT’s output VOH and VOL levels. This
current can be varied over a wide range (100uA to 25mA).

Active Load

The load can also be used as a termination to testa DUT’'s  V°-°

output timing specifications into a low impedance.

Vol . 8IOL

V

Buffer

VCOMS

N 4

e
> #

Important Characteristics (examples) i
= Maximum Current (100mA)

= \oltage range (-1.5 to 6.5V) "
= Current accuracy

= Fast switching between source and sink
= Impedance (current flatness vs voltage)
= Commutation voltage width (steepness)

20

10

LOAD CURRENT (mA)
(=]

Modes of operation
= Load Disable
= Load Enable and Commutation

19

o

Viol — 8IOH

1 = |OH = I0L = 1TmA

J IOH = 10L = 5mA
= |OH = 10L = 10mA

} —— IOH = 10L = 15mA
—— IOH = IOL = 20mA

~—— |OH = IOL = 25mA
g

-1 0 1 2 3 4 5 %
Vpurx (V) o

Active Load Commutation Response, VCOM =2.0V

ANALOG
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DUT



Who uses DPSs?......ATE Application

20

AHEAD OF WHAT'S POSSIBLE™

Driven Shield
- i A
E::"‘" DAC Guard Amp
Central PMU ADbS522
< ax > DAC
DAC '_".'_Z::- PPMU
<7 ADC
Timing Dhata
Memorny ,f'J DUT
I Relays 500 Coax
Timing Formalter - J
Generator | De-Skew
DLL Logic
Guard Am
— {: )

GMND Sense
Compare Formatter ) yas
Memory De-Skew Comp
Active




AD5560 Simplified Block Diagram B

AHEAD OF WHAT'S POSSIBLE™

COMPENSATION
CAPACITORS/
SETTLING TIME

DEVICE POWER SUPPLY |

= FV/MI Function Ll B |
= 25V Output Span, scalable + offsetable scLk —b Rt
= 5 Current-ranges 5 uA, 25uA, 250uA, 2.5mA, = T TR %% _
25mA (Rsense on-chip) . - i . RSENSE 2
= 2 High Current-ranges 500mA and 1.2A max s < = _ N flj
(Rsense off-chip)
= MV Function o
= Measure DUT Voltage ot moxe

= ON CHIP LEVELS -
= 16 Bit DACs (FIN, CPH, CPL)
= 16 Bit DACs (CLL, CLH)

= Offset and Gain Calibration on Chip

COMPARATOR Q O
DACS

L R DEVICE
5 CpL "C>; <UNDER
MEASURE " EST
| voLtaGe R
-+
COMPARATOR
v

21



AD5560 Supply Ralls

22
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HCAVss2 = .5v

HCAVDD2 = +11v

1. LOW CURRENT,
HIGH VOLTAGE

_1200mA range

OUTPUT RANGE
-0.7V to +8.5V

AVSS = -5V HCAVsgq = 5v
AVDD= +28V HCAVpp1 =6.5v 3 MID
10uF T TouF 10uF ] 104 ki CURRENT
% % DVce = 3visv
01pF  |o1p 0.1uF ApF 0.1pF RANGE
v HY o
T \[’ ~ 33kQ
s :
AN 33KQ
Allow +/-0.5V for EXT RSENSE
EXTFORCE2
2. HIGHEST DUT RANGE
CURRENT RANGE -0.2V to + 8V

Allow +/-0.5V for EXT RSENSE

~ OUTPUT RANGE
-0.7V to +4.25V

AD5560

INTERNAL RANGE SELECT
(SuA, 25uA, 250uUA, 2.5mA, 25mA)

INTERNAL RSENSE
+/-0.5V @ Full Current

\

OUTPUT RANGE
0V to +25V

{O EXTFORCE1

DUT RANGE
-0.2V to +3.75V

y FORCE

DUT RANGE
0V to +25V




Need > 1.2A Current DPS? A

AHEAD OF WHAT'S POSSIBLE™

Currents in excess of 1.2A

Master/Slave approach
= 1 Master
= Max 128 Slaves are verified

23



DPS/PMU Precision Voltage Measurement Solution d DEVICES
AD5560 / AD5522 with a SAR ADC N

AV, AV, DY,
- o e % LI 11 DATA SHEET RECOMMENDED
CoAND C; VALUES

Ceo Ce1 Cez Ces

AD5560: high performance, highly integrated device power

5 = F 3
5 § 3 § EXTFORCE1
= T = =

supply
- - - - - I{— VIN GNDVDUT VREF EXTFDRCC:
AD5522: Quad, high performance, highly integrated parametric v T
measurement unit S— -
AD5560 / AD5522 prevalent in many large ATE solutions «! | AD5S560
Sensed DUT Voltage or Current available on MEASOUT I, '3?3:3
Current Sense across either internal or external shunt resistor m% & susv o 3 R,
Selectable Output Voltage Range (+/- 11V or 0 to VREF), VREF = 2.5 or 5.0V - e
. T
Typically one output per source channel ac Yo
—u :cDIA:A ADTT481 4?(“’0 MEASOUT DUTGND
LTC2358/7/3-18
18 +/-11V 8 AD7609/8,
AD7606C*
Multichannel 16 +-11V 8 LTC2358/7/3-16
8 AD7689 o
16 0 to VREF 16 AD4696* V- PIANP ADCH  GAD
18 0 to VREF 1 AD4006
Single
ADAQ7980
16 0 to VREF 1 ADA004

24



High Voltage
Amplifiers




Automated Test Equipment (ATE): High-side Current Sensing Kotz

AHEAD OF WHAT'S POSSIBLE™

High Voltage High Voltage
High Current High Current
> — DAC Yt v
DC/DC Converter
New ADI Products
Lv é
. | T Improved performance ADC
_ ? g
| Area savings |
ADC —| Attenuator : ADC ADHvam:l
] ey >
Vout(HV)-5V
DUT
Micro DC/DC Converter D UT Micro
Processor Current Generation High Voltage ATE System 47 Processor Next Generation High Voltage ATE System 47
Key Benefits - Recommended Products
Eliminate switching noise from DC-DC converters - ADHV4702-1: 220 V Span Precision Amplifier
Protect low voltage devices - LT6090/LT6090-5: 140V CMOS Rail-to-Rail
o _ _ Output, Picoamp Input Current Op Amp
Minimize design area and complexity
Breakthrough design improvements:
>100V Input common-mode and output Swing W [\ f\ 11—
. Tt
High input impedance | | | ED%
High precision over temperature 1 DS"JLVW%_W\,_>
| t | ‘|‘ l |

I "
26 High Voltage Follower High Voltage In Amp High Voltage Driver



High Voltage Driver: Piezo Transducer driver SRR

AHEAD OF WHAT'S POSSIBLE™

! \
1

. : - Key Benefits:
:NCHANNEL :
UM .o SRR o . @ - Small solution size with high energy efficiency

% 3 - Load

200V or higher output swing

Exceptional capacitive or low resistive load drive

D07 )

1
W e il il 1 | '
! :
B e e e s » . I : :
1 ) ;
I 1
| P CHANNEL | | ; I

_______ . f - Up to 1A current drive

High slew rate

—— - ==

- Recommended Amplifiers :

Low Impedance
High Current (up to 25mA)
High Slew Rate
Single Channel

ADHV4702-1: 220 V Span Precision Amplifier

ADA4870: 10V to 40V, High Speed,1 A Output Drive
Amplifier

—_— e e, ==

I
1
1
1
1
1
1
1
1
1
1
1

ADA4700-1: +/-5V to +/-50V, Precision Operational
Amplifier

- Recommended Reference Designs :

ADHV4702-1 Current Booster: 220V, 1A Output Drive,
Precision Reference Design

Very high voltage
1 (>1000V)

, Very High Current
Very High Slew Rate
1 Single Channel

ADA4870 Voltage Extender: 70V, 1A Output Drive, High
Speed Reference Design

o
o
I I I I I I I I I



ADHV4702-1 usoe
24V 1o 220 V Precision Operational Amplifier

FEATURES TYPICAL APPLICATION CIRCUIT

Wide range of operating voltages 5kQ 100kQ

‘¢Y‘Y
Dual-supply: £12Vto £110V | 105V
= | ApuvaTano 4 | T™----- +

Asymmetrical supply operation: 24V to 220V ADHV4702-1
Wide input common-mode voltage range: 3 V from rails

High common-mode rejection ratio: 160 dB typical Vour
High Ao.: 170 dB typical o $ 10kQ
High slew rate ]::l n ~105V
74 V/ps typical Voo 1 L
24 V/ps typical with external input clamping diodes
Low input bias current: 2 pA maximum
HIGH CURRENT OUTPUT DRIVER
Low input offset voltage: 1 mV maximum N CHANNEL
Low input offset voltage drift: 2 pyV/°C maximum
. . . ADHV4TO2Z-1
Low input voltage noise: 8 nV/VHz typical at 10 kHz
Wide small signal bandwidth: 10 MHz typical - *Vs rs | ms VouT
Resistor adjustable quiescent current: 0.6 mA to 3 mA (Vs = Vin
+110V) s s
+ Ry -
- P CHAMNNEL :
Reg E

28



ADGS SP|
Controlled
Switch/Multiplexer
Family
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ADGS Family (Nine Generics) For High Density Applications
>20% Board Density Improvement

LFCSP
Package

SPI to Parallel
Converter Die

SPI integration with existing parallel
switches/multiplexers

= Part names retained with an S added to 3
signify SPI control Precision

= Example: ADG1412 updated to ADGS1412 SIS

Industry-leading precision switch
performance retained

Three modes of SPI operation P T T T G T ~m— y g Se———— WY
- Daisy-chain mode Precision SPI Switch Configuration Increases Channel Density

_ _ May 2017 Analog Dialogue Article

= Addressable mode with CRC error detection -l W

(new mode) cs0lval colea] Lol 33 val]
= Round Robin mode (new mode) R ERD - ERR L ER: S

= (Cycle within a mux with comparable speed to

a parallel interface)

Additional GPO pins to control additional
parallel devices (such as ADI switches)

Overall

20%

Board Area
Reduction

|

aif-. K]

’ AJ ._...f.l A..AG K‘
' c38[ mm) C39 s c40[ ma) ,‘ 'ﬂ ‘

C34| r:l C35| Zl beGIl c37[_nﬂ

' calia) oot ot ouCal] UGS 1 in Daisy-Chain

8x ADG1412 with Removes Port Expanders and
Port Expanders Reduces Digital Routing

Break before make switching allows
switch to be configured into mux

30



Increasing Channel Density Using Daisy-Chain Mode BV

AHEAD OF WHAT'S POSSIBLE™

Parallel Parallel
4XSPST 4XSPST
Switch Switch
SPI SPI SPI SPI SPI SPI SPI SPI
4XSPST 4XSPST 4XSPST 4XSPST 4XxXSPST 4XSPST 4XSPST 4XSPST
Parallel Parallel Switch Switch Switch Switch Switch Switch Switch Switch
4xSPST AXSPST D—Q 4 1,00~ 0~ 10~ AP0 5 7,00~ ~0Q A~ ~0Q A A0
Switch ¢ o Switch SCLK o ®
O Q cs
SDO
Parallel
4XSPST

( N

Only four digital lines to control large group of switches

(& J
Parallel Parallel o ~
4XSPST 4XSPST . . .
switch @ QO switch Reduces digital routing and makes PCB less complex

(& J

( )

Removes the need for port expanders

(& J

32 Digital Control Lines
from Microcontroller/FPGA or Port Expanders

: ®



MEMS Switch




MEMS Switch Technology Overview DEvices

A DGM 7 304

New Technology, Business, and Market for ADI
= Displaces incumbent unreliable bulky relays

33

AHEAD OF WHAT'S POSSIBLE™

System Benefits

= Widest band performance—precision DC to GHz
= Lowest loss switching

= Highest signal integrity—Ilow harmonic distortion

Additional Benefits vs. Mechanical Relays
20x smaller

30x% faster

10x reduction in power requirements

100x% longer cycle lifetime



ADGM1304 & ADGM1004 Key Benefits |

Compared to a Typical RF Electromagnetic Relay

34

/» 20 x smaller size \

ANALOG
DEVICES

/> 30 x faster switching speeds

" /

= 10 x reduction in power requirements

F ©

\ 1 milli sec

=
— L[] <X
D S T ——
e 9
EMR MEMS Switch

~N

= 100 x cycle lifetime performance

10M 1L

EMR MEMS Switch
\ 100mW-200mwW 10mW-20mw /

\ EMR

MEMS Switch /

30 usec /
\




ADGM1304/ADGM1004: MEMS Switch Product Overview Qi

AHEAD OF WHAT'S POSSIBLE™

Micromechanical structure No dry-switching limitations Step change in relay

= Cantilever beam design * Hermetically sealed replacement

= Complete internal to ADI Ease of use ) ADG_I;/_Ilg(f)ﬁ{AI}?GM(1)0|34/ggvices
manufacturing process = Co-packaged MEMS switch and izeéug et S ‘0

= Manufactured in a sub-micron driver IC : . :
semiconductor Class 1 clean room = Reliable, fully qualified products in

35

tiny form factor

HIGH RE SISTIVITY SILICON

ADHE SIVE — et 100pm o |
) ™ 6pm GOLD
‘ - SOURCE \ ’J } i.J DRAIN
NN b d =y ! 1 1 [ 1

AL ;H' =T ¥ B H :
0.6um GATE

= =Y
-DI‘ | VE}JQC : 0.3pm

.
Ly ¥

P AP PedT®.
} SPAT\MEMS™ s

HIGH RESISTIVITY SILICON

11da-m1

@



ADGM1304 & ADGM1004 B

Key Applications in ATE environment

36

AHEAD OF WHAT'S POSSIBLE™

Load / probe board applications —

= Arbitrary Waveform / RF Generators, Digitizers
= Mixed signal switching, Voltage divider network

switching, Filter network switching, General Digital

~~~~

routing

Switch matrix applications

= RF signal routing and RF signal fan out board

Filter Switching Voltage Divider Network
Key leakage specification not compromised ] T
X/ R1
1.9
On Leak A i y
6 n Leakage o ‘E: n —I__ﬂ——o I—|__§~—o
<s _I—% B R 2
S 24 T
i I I ;
%2 % [ | R4
g1 % 1
° EMR Relay ADGM1004 ADGM1304 B




Switch Matrix Application- What's the value of MEMS switch?? DEVICES

AHEAD OF WHAT'S POSSIBLE™

Switch matrix board (1:16 or 16:1
multiplexer) comparison

= EMR Solution = 9x DPDT relays & Driver
= MEMS Solution = 5 x SPAT MEMS switch

System Key value points:

BEIRR  AN-1360

= 68% reduction in area and 95% reduction
in volume

» Reduce complexity- SP4T RF tracking
simplification

= Allowing Dual side placement (low profile
1mm height)

= 15mA (5xADGM1304) versus 270mA
(9xDPDT relays) peak driver power
consumption

= No simultaneous cycling restriction due to
ultra high power requirements.

37



Typical ATE application

PMU Switching

Customer device
High speed RF/ under test

High speed digital
) ] @ N
Pin Driver .
or Custom ] DUT
ASIC g »
@ N
10MQ
T wy
10MQ ypa >
MEMS oMo :
PMU Switch A gy 10MQ
10MQ \\ —W—>
Parametric
Measurement
Unit o o - e — -~

II If On Leakage needs to be reduced, our Analog

| Switches can be used to switch out the 10MQ
| resistors when passing high speed and/or PMU
| signals

38

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

Key values brought by MEMS switch

= Ultra low insertion loss

Operational from DC to high frequencies

Specified to pass DC voltage up to +/-6V

Ultra small size (5mm x 4mm x 0.95mm)

= Minimum Lifetime of 1Billion actuations



Digital Tunable
Filters




Filter Matrix

40

Switch
Matrix

Filter Matrix

=\
f;'g:_I_-M-

]

g v
—o°

AL L AA~

-

-

Digital Tunable Filters

ADMV8818
ADMV8913

~

)

-

ANALOG

DEVICES
AHEAD OF WHAT'S POSSIBLE™

Test Device
&
Source




ADMV8818: 2 GHz to 18 GHz, Digitally Tunable
High-Pass/Low-Pass/Band-Pass Filter

Value Proposition

Reconfigurable filter that can serve multiple roles in a ADMV8818
signal chain

—VSS1(-25V)
Single-chip replacement for discrete solutions | , —VDD1 (+2.5V)
Includes on-chip lookup table for fast frequency hopping | | ) —VDD2 (+3.3 V)
applications

RFOUT

Enables low SWaP-C (size, weight, power, and cost)
solution

Key Benefits

Flexible, digitally controlled multi-octave tuning

Independent 3 dB frequency controls for up to 4 GHz of
bandwidth

Digital switched capacitors improve filter linearity and
frequency response compared to varactor-based solutions

Extended operating temperature range (-55°C to ~+105°C)

41



ADMV8913: X-Band, Digitally
and Low-Pass Filter

Value Proposition

Single-chip tunable band-pass filter replacement for
discrete solutions

Includes on-chip lookup table for fast frequency hopping
applications

Enables low SWaP-C (size, weight, power, and cost)
solution

Flexible parallel and serial control interface option
Key Benefits

Flexible digitally controlled tuning and low insertion loss

Independent high-pass and low-pass filter 3 dB frequency
controls for up to 4 GHz of bandwidth

Digital switched capacitors improve filter linearity and
frequency response compared to varactor-based solutions

Integrated LDO regulator to reduce overall BOM
Extended operating temperature range (-55°C to ~+105°C)
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SWITCHES (Key Parameters)

SWITCHES

* Frequency Band
= |nsertion Loss (dB)
= |solation (dB)
= Configuration
= SPST, SPDT, SP3T, SPxT
= Switch Matrix (Example 4x2)

= HOT PRODUCTS
= ADRFE5020 (Si SPDT, 0.1-30GHz)
= ADRFE5021 (Si SPDT, 9kHz-30GHz)
= ADRF5024 / ADRE5026 (0.1-44GHz)
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http://www.analog.com/en/products/rf-microwave/rf-switches/spst-spdt-sp3t-sp4t-sp6t-sp8t.html
http://www.analog.com/en/products/switches-multiplexers/rf-switches/bypass-diversity-matrix-transfer.html
http://www.analog.com/en/products/rf-microwave/rf-switches/spst-spdt-sp3t-sp4t-sp6t-sp8t/adrf5020.html
http://www.analog.com/en/products/rf-microwave/rf-switches/spst-spdt-sp3t-sp4t-sp6t-sp8t/adrf5021.html
https://www.analog.com/en/products/adrf5024.html
https://www.analog.com/en/products/adrf5026.html

SPDT Switches

\\
Insertion . Input Input
Part Number Description / Frt(agtlilezr;cy Loss Iscz(ljaél)on \ P1dB P0.1dB In(%tgr]lSB On/Off Time Cong\r;) I I)nput P?;knz:?e
(dB) (dBm) (dBm) 2=
ADRF5021 * 7 Nonreflective 9 kHz to 30 2 60 — 27 52 1.1ps/1.1 us | CMOS/LVTTL 3 x3LGA
IADRF5020 * A Nonreflective 0.1to 30 14 56 27 — 50 10 ns/10 ns 0/3.3 3x3LGA
pDRFs300 A |SPRTWIthnoneg | ) 35 11 38 — 37 65 60ns/60ns | PMOSLVITLY 5. 316A
supply compatible
IADRF5025 * SPDT, reflective| | 9 kHz to 44 1.4 36 — 27 50 1.7 us/1.7 s 0/3.3 2.25x 2.25LGA
SPDT,
ADRF5027 * . 9 kHz to 44 2.2 48 — — 54 3.6 us/3.6 us 0/3.3 3 x3LGA
nonreflective
IADRF5024 * # SPDT, reflective 0.1to 44 14 38 — 27 50 10 ns/10 ns 0/3.3 2.25%x 2.25 LGA
SPDT,
ADRF5026 * # . 0.1to 44 2.4 50 26 — 53 14 ns/14 ns 0/3.3 3x3LGA
nonreflective
HMC986A * Reflective \\ 0.1to 50 1.7 36 /’ 25 21 40 11 ns/11 ns 0/-3 Die
N 7 —
SP3T, SP4T, SP6T, SP8T Switches
4 Insertion N In
. put Input
Part Number Description ( F“("g‘i'ir)‘cy Loss 'S‘z:jaé')on P1dB P0.1dB '”(%“Btr:? On/Off Time Con(t\r/‘" ')"p“t P?rcnkrf]‘?e
(dB) (dBm) (dBm) be
IADRF5043 SPAT, nonreflective 9 kHz to 44 2.4 39 27 26 48 2.8 us 0/3.3 3x3LGA
ADRF5047 * SP4T, reflective 9 kHz to 44 2.4 33 — 26.5 50 3.4 us/3.4 ps 0/3.3 3x3LGA
IADRF5042 SPA4T, nonreflective 0.1to 44 2.8 39 27 26 47 14 ns 0/3.3 3x3LGA
ADRF5046 * SPAT, reflective \ 0.1to 44 25 33 — 275 50 16 ns/16 ns 0/3.3 3x3LGA
N —
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http://www.analog.com/ADRF5021
http://www.analog.com/ADRF5020
https://www.analog.com/en/products/adrf5300.html
http://www.analog.com/ADRF5025
https://www.analog.com/en/products/adrf5027.html
http://www.analog.com/ADRF5024
https://www.analog.com/en/products/adrf5026.html
http://www.analog.com/HMC986A
https://www.analog.com/en/products/adrf5043.html
https://www.analog.com/en/products/adrf5047.html
https://www.analog.com/en/products/adrf5042.html
https://www.analog.com/en/products/adrf5046.html
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ANALOG

Step-Down Switching Regulator Stracture

AHEAD OF WHAT'S POSSIBLE™
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ADI| uModule ANALOG

AHEAD OF WHAT'S POSSIBLE™

Magnetics

Thermally Enhanced
BGA or LGA Package

.

Capacitors & Resistors

— Power Switches & DC/DC Controller

Compensation
Circuitry Diodes
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ANALOG

ADI Design Support
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Innovation-pModule

AHEAD OF WHAT'S POSSIBLE™

Year 2010

FPGA Core 0.8V @100A

12X LTm4601 Power Supplier Solution

Year 2012

LTM4620

Year 2014

LTM4630

Year 2016

LTM4650
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ADI uModule Family

Margining

52

Ultrathin

Sequencing & Margining

w Vi (<3V)

Precision Remote Sense

Pin Compatible

Digital Power System
Management

Wide Temperature

Battery Charg

SnPb BGA

Er

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

LED Driver

Adjustable Loop
Compensation



Ultrathin pModule Regulators

(Thickness: 1.18mm,1.82mm, 1.91mm)

LY LINEAR
LTMUB31V
uModule

NYS711E 1610MY

11 x16x 1.82mm 16X 16 X 1.91mm 15x9x 1.82mm

LTM4686 LTM4631 LTM4643

Dual 10A or Single 20A Dual 10A or Single 20A Quad 3A
with PSM

53

6.25 X 6.25 x 1.82mm

LTM4622
Dual 2.5A or Single 5A

LTM4623
Single 3A

LTM4632
Triple output for DDR/QDR

LTM4691 Dual 2A
(4 x3x1.18mm)

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

6.25x 6.25 x 2.01mm 4X4Xx1.82mm

LTM4668/
LTM4668A

Quad 1.2A

LTM8074

40Vin, 1.2A

4x3x1.18mm

LTM4691

Dual 2A



LTM4700 Single 100A / Dual 50A pModule

with Power System Management
90% Efficiency at 12Vi;1 to 1Vout

FEATURES

® Dual 50A Digitally Adjustable Outputs with Digital
Interface for Control, Compensation and Monitoring
Wide Input Voltage : 4.5V to 16V

Output Voltage Range: 0.5V to 1.8V

p
+2. 5% Current Readback Accuracy
Integrated Input Current Sense Amplifier
z PMBus-Compliant 1°C Senal Interface
Supports Telemetry Polling Rates Up to 125Hz
Integrated 16-Bit AX ADC
Constant Frequency Current Mode Control
Parallel and Current Share Multiple Modules
® 15mm x 22mm x 7.82mm BGA Package
Readable Data:
= |nput and Output Voltages, Currents, and Temperatures
® Running Peak Values, Uptime, Faults and Warnings
= |nternal EEPROM and Fault Logging with ECC
Writable Data and Configurable Parameters:
Output Voltage, Voltage Sequencing and Margining
Digital Soft-Start/Stop Ramp
Optimize Analog Loop Compensation
OV/UV/OT, UVLO, Frequency and Phasing
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LTM4664 54V To Core Voltage DEVICES
Single 50A/Dual 25A uModule with 12C PMBus

FEATURES

= Complete 48V Input to Low Voltage Dual 25A Supply

that Can Scale to 300A
® Dual Analog Loops with Digital Interface for

(m |nput Voltage Range: 30V to 58V A

® (Qutput Voltage Range: 0.5V to 1.5V

= +3% Output Current Readback Accuracy (-20° to 125°C) 48V 1o 1V at 50A
\=_88% Efficiency for 48V to 1V at 50A Y .

® +(0.5% Output Voltage Accuracy Over Temperature oo AN
® 400kHz PMBus-Compliant 1°C Serial Interface 5o

= 16mm x 16mm x 7.72mm BGA Package G w

0 5 10 15 20 25 30 35 40 45 50

4664 TAO1b
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LTM4644 Quad 4A Step-Down uModule DEViCES

AHEAD OF WHAT'S POSSIBLE™

Example: LTM4644 Quad 4A Step-Down pModule Regulator 9mm x 15mm Package

Vourt
» Reduce solution size up to 73% <

LTC3605 x 4 (4A Monolithic Regulator): 900mm?
Quad Output Triple Output
4A x 4 4A + 4A +8A

LTM4644 (4A Quad): 240mm?

Dual Qutput Single Output
Comparison Between LTM4644 (Quad 4A) and Discrete Solution (LTM3605 x 4pcs). The LTM4644 is 73% Smaller 8A X2 16A x 1

LTM4644 (Quad 4A) Can Be Configured as Quad, Triple, Dual or Single Output
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