PE43665
Product Specification // Peregr] ne

UltraCMOS® RF Digital Step Attenuator, 1 MHz—2 GHz Sem]cond uctor

Features Om)
Figure 1 « Functional Schematic Dia
e 75Q impedance
« Attenuation: 0.5 dB steps to 31.5 dB . Switched Attenuator
e Low distortion for CATV and multi-carrier Input I0utput
applications m S—
¢ Flexible parallel and serial programming = B—J Yo

interfaces ] ] § © I
¢ Unique power-up state selection
¢ Positive CMOS control logic
¢ High attenuation accuracy and linearity over — _w/_ B

temperature and frequency Parallel

. Control
e Very low power consumption

e Single-supply operation xaQ~
e Packaged in a 20 lead 4x4 mm QFN @ trol Logic Interface
< (c |

ontro

Applications Q &

o DOCSIS 3.1/3.0 customer premises t ol
(CPE) and infrastructure

2
o Satellite CPE and infrastructure é
« Fiber CPE and infrastructure @ Q

Product Des 1Qn @Q

The PE4366 75 oh -linearity, 6-bit RF Digital Step Attenuator (DSA) covering a 31.5 dB
attenuatio 0 5 dB steps. The PE43665 provides both a parallel (latched or direct mode) and serial
CMOS co o terface operates on a single 3-volt supply and maintains high attenuation accuracy over
frequ temperature. It also has a unique control interface that allows the user to select an initial
attga a state at power-up. The PE43665 exhibits very low insertion loss and low power consumption.
Tctlonallty is delivered in a 4x4 mm QFN footprint.

PE43665 is manufactured on Peregrine’s UltraCMOS™ process, a patented variation of silicon-on-
Qisulator (SOI) technology on a sapphire substrate, offering the performance of GaAs with the economy and
integration of conventional CMOS.
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Absolute Maximum Ratings

Exceeding absolute maximum ratings listed in Table 1 may cause permanent damage. Operation should be
restricted to the limits in Table 2. Operation between operating range maximum and absolute maximum for
extended periods may reduce reliability. %

ESD Precautions %
When handling this UltraCMOS device, observe the same precautions as with any othe@ sensitive
devices.

Although this device contains circuitry to protect it from damage due to ESD, precautio@ﬂd be taken to

avoid exceeding the rating specified in Table 1. @
Latch-up Immunity 0

Unlike conventional CMOS devices, UltraCMOS devices are immune to Iag

Table 1 - Absolute Maximum Ratings ‘Q, Q‘

Vop Power supply voltage /" 3 4.0
\ Voltage on any input f\* -0. Vpp+ 0.3

Tst Storage temperature range @‘ 150 °C
P Input power (50Q) +30 dBm

A d
4
v, ESD voltage (Human Bod Mot@ 500 v
ESD ge ( y > K

2 g4

1. Human Body Model (HBM, MIL_STD 883 Method 3015.7) \\\

Recommended Ope‘rat!' nd@Qf
Table 2 « Recommendgd ating %itions for PE43665
% Qv

Vpp Power Supply Voltaf' U % 2.7 3.0 3.3 \Y
4 y 2
Iop Power Supply @flirrg tV Q~ 100 pA
Py
Digital Input @

0.7XVDD \Y

<

<

Digital | 0.3xVpp \Y
pr}ueakage 1 pA
QWNer +24 dBm
‘iﬁperature range -40 85 °C
Page 2 UrLtraCMOS’ DOC-88321-3 —(06/2019)

www.psemi.com



PE43665 Y P :
. regrin
UltraCMOS® RF Digital Step Attenuator /Z Se?mgg’ductoer

Table 3 ¢ Electrical Specifications @ +25 °C, Vp, =3.0V,2,=75Q

Operation Frequency 1 2000 &Hz
Insertion Loss? 1MHz<1.2 GHz - 1.4 1.8 § BdB
Attenuation Accuracy Any bit or bit 1MHz<1.2 GHz - - +(0.15 + 4% of atm dB

combination setting)
1 dB Compression®* 1 MHz £1.2 GHz 30 34 ,.\\-/ dBm
A g
124 Two-tone inputs up to i b
Input IP3 +18 dBm 1MHz<1.2 GHz 52 , dBm
Return Loss 1 MHz<1.2 GHz 10 13 Q - dB
o ) 50% control to 0.5 dB 1
Switching Time of final value - - 1 us

Notes: 1. Device Linearity will begin to degrade below 1Mhz “
2. Max input rating in Table 1 & Figures on Pages 6 to 8 for data across frequency.
3. Note Absolute Maximum in Table 1.
4. Measured in a 50 Q system. é
Switching Frequency QO Q@

The PE43665 has a maximum 25 kHz switching rate.
Switching frequency is defined to be the speed at v\@’\e DS& betoggled across attenuation states.
in¥th t

Switching time is the time duration between t i e w ignal reached 50% of the final value and the
point the output signal reaches within 10% o ts t ue.

7
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Programming Options

Parallel/Serial Selection

Either a parallel or serial interface can be used to
control the PE43665. The P/S bit provides this
selection, with P/S=LOW selecting the parallel
interface and P/S=HIGH selecting the serial
interface.

Parallel Mode Interface

The parallel interface consists of five CMOS-
compatible control lines that select the desired
attenuation state, as shown in Table 4.

The parallel interface timing requirements are
defined by Figure 3 (Parallel Interface Timing
Diagram), Table 8 (Parallel Interface AC
Characteristics), and switching speed (Table 3).

For latched parallel programming the Latch Enable
(LE) should be held LOW while changing attenuation
state control values, then pulse LE HIGH to LOW
(per Figure 3) to latch new attenuation state into
device.

For direct parallel programming, the Latch Enable
(LE) line should be pulled HIGH. Changing

attenuation state control values will change device Q

state to new attenuation. Direct Mode is ideal fi
manual control of the device (using hardwire,

switches, or jumpers).

Serial Interface

shift register buffered by a IS
controlled by three CMOS, Data,
Clock, and Latch Enabl Clock
inputs allow data to bg the shift

Rl en i
register, a process jmt dep f the state of
the LE input.

The LE input rgjs the lath. hen LE is HIGH,
the latch i sphfrent and theontents of the serial

control the attenuator. When LE is
ydata in the shift register is latched.

shift regist
brou&)e
ift Pegister should be loaded while LE is held

T
@ prevent the attenuator value from changing
a

is entered. The LE input should then be
oggled HIGH and brought LOW again, latching the
ew data. The timing for this operation is defined by
Figure 2 (Serial Interface Timing Diagram) and
Table 7 (AC Characteristics).

PE43665
UltraCMOS® RF Digital Step Attenuator

Power-up Control Settings

The PE43665 always assumes a specifiable
attenuation setting on power-up. This feature exists
for both the Serial and Parallel modes of operation,
and allows a known attenuation stat be
established before an initial serial or

word is provided.

paré cghtrol
When the attenuator powers up in@ mode (P/
S=1), the six control bits are set \§ ever data is
present on the six parallel datgfigai® (C0.5 to C16).
This allows any one of the fiefuation settings to
be specified as the power

When the attenuator
S=0)
to one of four p
are selected
and PUP2,
Table,

@ p in Parallel mode (P/
with LE=0, theyconWgf bits are automatically set
le values. These four values

tWo poger-up control bits, PUP1
n in 1& 5 (Power-Up Truth

\

Reference
Loss

0.5dB

\

1dB

2dB

4 dB

8 dB

16 dB
31.5dB

- |~ ]O|O O |O O‘
- |OoO|~|O|O|O |O o
-~ o0~ |O|O|O o
-~ o|lo|lo|~|O|O o
-~ oo |lo|o |~ |O o
- OO0 |0 |O |~

Note: Not all 64 possible combinations of C0.5-C16 are shown in table

Table 5 « Parallel PUP Truth Table

0 0 0 0 Reference Loss

0 0 1 0 8dB

0 0 0 1 16 dB

0 0 1 1 31dB

0 1 X X Defined by C0.5-C16

Note: Power up with LE=1 provides normal parallel operation
with C0.5-C16, and PUP1 and PUP2 are not active.
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Figure 2 - Serial Interface Timing Diagram Table 6 < 6-Bit Attenuator Serial Programming
LE _:SDSL - o < —:SDHL[;— —>TLEPW
B5 B4 B3 B2 B1 P
Taw™> <€ > T € > Tesp € c16 c8 c4 c2 c1 M

CLOCK T V
MSB (first in) @ast in)

. X B5 X B4 )(_BZ_X_BLX_BJ_X_ELQ_Xi \Q

Figure 3 - Parallel Interface Timing Diagram 0

LE ] - é@ \v
P Do OQ‘ Q((,
_

Table 7 « Serial Interface AC C Table 8 « Parallel Interface AC Characteristics
j 7 Vpp = 3.0V, -40°C < T, < 85°C, unless otherwise specified

Serial data clock - .
fon frequency (Note 1) tLepw LE minimum pulse width | 10 ns
: N Data set-up time before
toku Serial clock HlI 30‘ ns teosup rising edge of LE 10 ns
tom Serial cloxt LOWe 0 P ns Data hold time after
tPDHLD : 10 ns
Wafitcr la falling edge of LE
tLesup ns
dge
tLepw ipium pulse width 30 ns
| data set-up time
tSDSUP& before clock rising edge 10 ns
Serial data hold time
\ts LD after clock falling edge 10 ns
» foi is verified during the functional pattern test. Serial
programming sections of the functional pattern are clocked at
10 MHz to verify f. specification.
DOC-88321-3 — (06/2019) WULtraCMOS Page 5
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Typical Performance Data

Figure 4—Figure 14 show the typical performance data at 25°C, Vpp = 3.0V unless otherwise specified.

Figure 4 ¢ Insertion Loss Figure 5 « Attenuation at Major&
N
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Figure 7 « Output Return Loss at Major
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Figure 6 « In fut Return Loss a
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Figure 8 « Attenuation Error Vs. Frequency Figure 9 « Attenuation Error Vs. Attenpmtion

Setting
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Figure 10 - Attenuation Error Vs. A@) Nure 11 - Attenuation Error Vs. Attenuation

Setting N\

> ¢

04

. £ ' 4]\ 10Mkiz, 25|

1 10MHz 85C

Attenuation Emor (dB)
Error 510 Mhz

04 i ‘ ‘ i ‘ ‘ : 06 | i i i | | i
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25

30 35 40

Attenuation Setting (dB) 10Mhz error 85

Note: Positive attenuation error indicates higher attenuation than target value
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Typical Performance Data @ 25°C, V), = 3.0 V

Figure 12 « Attenuation Error Vs. Frequency

PE43665

UltraCMOS® RF Digital Step Attenuator

Figure 13 « Input 1 dB Compression
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Pin Information Table 9 « Pin Descriptions for PE43665

This section provides pinout information for the
PE43665. Figure 18 shows the pin map of this device
for the available package. Table 9 provides a
description for each pin.

C16 Attenuation control bit, 16dgs@lote 4).

RF1 RF port (Note 1). \‘: !

Data Serial interface data@te 4).

Clock Serial interface ‘OCW}\.
LE Latch Enable Me 2).
Vop Powers ‘

Figure 18 « Pin Configuration (Top View)

Al o ala|lo|lo (N |jlola|d|lw(Nd|=
w| N 2o

Y
PUP1 Podlra <Setion bit, MSB.
o) a 4
8‘ 6 (ZD 8 8 PUP2 oM selection bit, LSB.
s ™ 0 T T . ~ VDD \ r Supply p|n
Q12 18 1S 1Y .
s Vst L L GND Ground connection.
—-——— —— G Gro connection.
C16 |70 e il c8 c :
H ! a upply voltage or GND
RE1 |5 1 H Cal rRE2 S ction (Note 3)
- EZO-Iead QFN: .. P/ rallel/Serial mode select
Data |3 1 4x4mm | (3] P/S ~ N\ '
1 Exposed Solder Pad | 1 RF2 %F port (Note 1).
— ! ' —
Clock | 4.) H ! (12| Vss/GND C » Attenuation control bit, 8 dB.
LE 5 T 1] GND 1 Attenuation control bit, 4 dB.
f ;“‘ .“‘ ¢ ,"‘ 17 Attenuation control bit, 2 dB.
b it e bel (o

Ground connection.

Attenuation control bit, 1 dB.
C0.5 Attenuation control bit, 0.5 dB.

Q addle GND Ground for proper operation
@é Note 1: Both RF ports must be held at 0 Vpc or DC blocked with an

g

r
Vop }8-!
PUP1
PUP2
\Y/
GND
.
v
ole
- | Z
|w)

external series capacitor.

2: Latch Enable (LE) has an internal 100 kQ resistor to Vpp.

&

3: Connect pin 12 to GND to enable internal negative voltage

generator. Connect pin 12 to Vss (-Vpp) to bypass and
V disable internal negative voltage generator.

4. Place a 10 kQ resistor in series, as close to pin as possible

@Q to avoid frequency resonance.
E@ Q‘ Resistoron Pin 1 & 3

A 10 kQ series resistor on the inputs to Pin 1 & 3
(see Figure 18) will eliminate package resonance

& between the RF input pin and the two digital
inputs. Specified attenuation error versus

E O frequency performance is dependent upon this

condition.

Page 9 ULreaCMOS' DOC-88321-3 — (06/2019)
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Figure 19 « Package Drawing
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Figure 20 - Marking Specifications

Figure 21 « Tape and Reel Drawing

43665
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277777 = L ast six digits o@t nuwber v ,

T
030 +0.05

*@pij \
le- Bo

Ka
SECTION Y=Y

Do
#1.55+0.05

D1
#1.5 MIN

Q%)
ALL DIMENSIONS IN MILLIMETRES UNLESS oTeERWISE sTATeD, Device Orientation in Tape

z
2.0+0.1 (1)

Y —

Measured from

hole to ce
Qther mat

cdntreline of sprocket
ntrelne of pocket
eriol ovailoble,

PE43665
UltraCMOS® RF Digital Step Attenuator

Lo

‘Q’E43665A-z

PE43665 Digital step attenuator

Green 20-lead 4x4mm QFN

3000 units / T&R

EK43665-01

PE43665 Evaluation kit

Evaluation Kit

1/Box
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Advance Information

The product is in a formative or design stage. The datasheet contains design target specifications forsoduct
development. Specifications and features may change in any manner without notice. %

Preliminary Specification %
The datasheet contains preliminary data. Additional data may be added at a later date. ps@ erves the
right to change specifications at any time without notice in order to supply the best possiblib\ t

Product Specification

The datasheet contains final data. In the event pSemi decides to change the speg] igns, pSemi will notify
customers of the intended changes by issuing a CNF (Customer Notification For

Sales Contact @
For additional information, contact Sales at sales@psemi.com. @ v

Disclaimers

The information in this document is believed to be reliable. H er, pSeni @es no liability for the use of
this information. Use shall be entirely at the user's own g 0 pa rights or licenses to any circuits
described in this document are implied or granted to an i part s products are not designed or
intended for use in devices or systems intended fo odl implag¥, or in other applications intended to
support or sustain life, or in any application in which thN he ®Semi product could create a situation
in which personal injury or death might oc s no liability for damages, including
consequential or incidental damages, arising%@) oducts in such applications.

Patent Statement \

pSemi products are protected under % re%the lowing U.S. patents: patents.psemi.com
Copyright and Trademg@

©2018, 2019 pSemi Corp Mu Q‘ypany. All rights reserved. The Peregrine Semiconductor
name, Peregrine Semicond ogo and MtraCMOS are registered trademarks and the pSemi name, pSemi
logo, HaRP and DuNE ma emi Corporation in the U.S. and other countries.
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