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50Q) RF Digital Step Attenuator 5-bit, 15.5 dB, 9 kHz-6 GHz

Features Figure 1 = PE43650 Functional Diagram
+ Attenuation: 0.5 dB steps to 15.5 dB .
- High linearity: Typical +58 dBm IP3 . Switched A“e”“at‘“Ar@ “F
Input ut

» Excellent low-frequency performance

* Programming modes:
= Direct parallel °] §

o
O%
= Latched parallel &J

N
FO
= Serial
« CMOS-compatible B Q

+ No DC blocking capacitors required Eﬁft'r'gl'
+ Packaged in a 24-lead 4 x 4 x 0.85 mm QFN 5 % Q~
N sa @ .

Appllcatlons \ gl Logic Interface

3G /4G wireless infrastructure QQK v

= RF/IF gain control

 Base stations (BTS) and remote radio headQ 4
(RRH)
= Optical and RF repeaters v IS
= Distributed antenna system (DAS)
* Land mobile radio system Q
+ Point-to-point communication %
A
\ M
Product Descri
The PE43650 is g RighYinearj @RF digital step attenuator (DSA). This highly versatile DSA covers a 15.5
0.5¢B

s§Ps. The pSemi 50Q RF DSA provides multiple CMOS control interfaces. It

dB attenuatio .
maintains Qmm uati acy over frequency and temperature and exhibits very low insertion loss and

low power ption. ormance does not change with VDD due to on-board regulator. This pSemi DSA is

availa@ aYx4 448ad QFN footprint.
T 43850 | ufactured on pSemi’s UltraCMOS™ process, a patented variation of silicon-on-insulator
? chng op a sapphire substrate, offering the performance of GaAs with the economy and integration of
entio S.
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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 other ESDgsRnSijve devices.
Although this device contains circuitry to protect it from damage due to ESD, precautions% e tak%

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

Unlike conventional CMOS devices, UltraCMOS devices are immune to latch-uf.
Table 1 = Absolute Maximum Ratings for PE43650 Q Q@

<

<

Power supply voltage (Vpp) Q~ (\_ 6.0
Voltage on any Digital input (V) n v\l-o.?) 5.8
Storage temperature range (TgT) Q 0 -65 150 °C
» 7
Input power (50Q) (P)y)
9 kHz < 20 MHz (b Fig. 2 dBm

20 MHz < 6 GHz +23 dBm

ESD voltage (HBM)(") 500 v
ESD voltage (machine model) y. Q 100 \%

Note: * Human Body Model (HBM, MIL_ST,

% %
& QV - /
: A
O % = E 7
10
5
0 .
10E+03  10E+04  10E+05  10E+06  10E+07  10E+08  1.0E+09
Hz
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Recommended Operating Conditions

Table 2 lists the recommending operating conditions for the PE43650. Devices should not be operated outside
the operating conditions listed below.

Table 2 « Recommended Operating Conditions for PE43650

Vpp Power Supply Voltage 3.0 3.3

. . (%
Vpp Power Supply Voltage 5.0 5.5A

Ipp Power Supply Current 70 m\ MA

Digital Input High 2.6 Vv o Vv
P\n Input power (50Q):
9 kHz < 20 MHz

</ Q Fig. 2 dBm

20 MHz < 6 GHz é/ +23 dBm

Top Operating temperature range @\ f\% 85 °C
‘ 0

Digital Input Low

Digital Input Leakage1 Q\J (\ 15 MA
N\

Note: * 1. Input leakage current per Control pin.

DOC-88239-4 — (11/2021) Page 3 of 17

WWW.psemi.com


http://www.psemi.com/index.php

PE43650 Semi

50Q RF Digital Step Attenuator

Electrical Specifications

Table 3 provides the PE43650 key electrical specifications @ +25°C, Vpp = 3.3 V or 5.0 V, unless otherwise
specified.

Table 3 » PE43650 Electrical Specifications :%

Frequency Range 9 kHz GHz
duency =ang , G} o \®
Attenuation R 0.5 dB St & 3o dB
enuation Range ep 2; A\)
Insertion Loss 9 kHz <6 GHz . m& dB
0 dB - 15.5 dB Attenuation settings 9kHz <4 GHz f!+ 3%)| dB
Attenuation Error 0 dB - 7.5 dB Attenuation settings 4 GHz <6 GHz ~ " +0.4 + 4% dB
8 dB - 15.5 dB Attenuation settings 4 GHz <6 GHz +0.6 + 8% dB
0 dB - 15.5 dB Attenuation settings 4GHz<6G 4 -0.2-3% dB
Return Loss 9KHz -6 G @-. 17 dB
Relative Phase All States 9 kHRG z h¢ 18 deg
N’
P1dB (note 1) Input 0 M)z - 6 GH 30 32 dBm
1IP3 Two tones at +18 dBm, 20 MHz spacin§‘20 MHW H 58 dBm
Typical Spurious Value O 1M y -110 dBm
=r ,Q e\
Video Feed Through h *vJ 10 mVpp
Switching Time 50% DC CTRL to 10, Q%P K¢ 650 ns
RF Trise/Tfall 10% / 90% RF /$ \/ 400 ns
N N\ N
RF settled t 5 dB Qf fgM™ value
Settling Ti 4
ettling Time RBW = . Qw us
Note: 1. Please note Maximum Operating Pi f+23d8\&omm Table 2.

The PE43650 a maximn.€2) Hz switching frequency.

Switching y is d?d to be the speed at which the DSA can be toggled across attenuation states.
Switc&i is the% uration between the point the control signal reached 50% of the final value and the
point utput s I

SQ ches within 10% or 90% of its target value.
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Control Voltage

Table 4 provides the control voltage table for the
PE43650.

Table 4 » Control l/oltage for PE43650

PE43650
50Q RF Digital Step Attenuator

Truth Tables
Table 6 and Table 7 provide the truth tables for the

PE43650.

Table 6 = Parallel Truth Table

Parallel Control Setting uation
4 ettijpg
Low 0to +1.0 Vdc at 2 uA (typ) D5 D4 D3 D2 \\ ax
High +2.6 to +5 Vdc at 10 pA (typ)
L L L L feNnadt I.L.
Latch and Clock Specifications L L L \ @ H L o N
Table 5 provides the latch and clock specifications for L L L“ H 5& 18
the PE43650. L L /,‘HQ L 248
Table 5 « Latch and Clock Specifications - L i S 4B
H A L L (P L 8 dB
Latch Enable | Shift Clock Function ey, ‘l v H 155 4B
X 1 Shift Register Clocked ‘ ’
Contents of shift register Qable 7 X tion Word Truth Table
1 X transferred to attenua > 4
core %\ttenuation Word
% Attenuation
DO Setting
E Q D6 D5 D4 D3 D2 D1 (LSB| RF1-RF2
)
@ % L L L L L L L L Reference I.L.
@ \& LiL,L|L|L|L|H L 0.5dB
@ $ LiL|L|L L|{H|L L 1dB
O L|L|L|L H|L|L L 2dB
C) @ LiL|L|H L L L| L 4.dB
@ C) L|L|H|L L|L|L L 8dB
&Q‘ 3 L|L|H|H|H|H H L 15.5 dB
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Figure 3 = Serial Register Map

MSB (last in) LSB (firstin)

‘Q7 Q6 | Q5 | @4 | @3 | Q2 | o1 QO‘ QE

‘ D5 | D4 | D3 | D2 | D1 ‘ Bitsmustbeset%\ c
Attenuation Word @ «Q

The Attenuation Word is derived directly from the attenuation value.

For example, to program the 12.5 dB state: @ %
Attenuation Word: Multiply by 4 and convert to binary — 4 *12.5 50 021 0010
Serial Input: 00110010 Q~
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Programming Options Power-up Control Settings
. . The PE43650 will always initialize to the maximum
Parallel/Serial Selection attenuation setting (15.5 dB) on power-up for both the
serial and latched-parallel modes of operatio d will

Either a parallel or serial interface can be used to

control the PE43650. The P/S bit provides this remain in this setting until the user latches ext
selection, with P/S=LOW selecting the parallel programming word. In direct-parallel mo SA
interface and P/S=HIGH selecting the serial interface. €@ be preset to any state within the 16" range by

pre-setting the parallel control pins& power-up
Parallel Mode Interface In this mode, there is a 400-us % %e

the DSA is powered-up to the desi@ is
The parallel interface consists of five CMOS- set. During this power-up de@e devigd aNaAuates
compatible control lines that select the desired attenu-  to the maximum attenu ng ( ) before
ation state, as shown in Table 6. defaulting to the userge state@control pins
The parallel interface timing requirements are defined ~ are left floating in tieglgode duy er-up, the -
by Figure 5 (Parallel Interface Timing Diagram), device will defa e’ min tenuation setting
Table 9 (Parallel Interface AC Characteristics), and (insertion los :
switching speed (Table 3). Dynamic cﬁ be n s¥rial and parallel
For latched-parallel programming the latch enable progragymin de @'ble'

(LE) should be held LOW while changing attenuation [
state control values, then pulse LE HIGH to LOW (per t lel corol iNputs DI[5:1] must be set to logic
Figure 5) to latch new attenuation state into device. Q ior g to parallel mode, the DSA must

For direct parallel programming, the latch enable (LET e pro% serially to ensure D[7] is set to logic

f

tii ower @ serial mode (P/S = HIGH), all

line should be pulled HIGH. Changing attenuation low.
state control values will change device state tq
attenuation. Direct mode is ideal for manual g

the device (using hardwire, switches, orj: @ .

If Re powers up in either latched or direct-
a&l mode, all parallel pins DI[5:1] must be set to
low prior to toggling to serial mode (P/S
Q IGH), and held low until the DSA has been
programmed serially to ensure bit D[7] is set to logic

Serial Interface
The serial interface is a 8-bit s@ ara&b low.
d

shift register buffered by a tr nt latgh. e The sequencing is only required power-once on
8-bits make up the attenuag that rols the power-up. Once completed, the DSA may be toggled
DSA. Figure 4 i”us”at,@ pledi iagram between serial and parallel programming modes at

)

for programming a st will.
The serial-interf is cpntrol ing three CMOS-
compatible sig : ial-in{(Sl)gcYock (CLK), and

latch enabl WVhe Si inputs allow data to

be serially engered into th itt register. Serial data is
clockggn LSB firs V

Th@t régist st be loaded while LE is held

L4 prev. ttenuator value from changing

%ta is " The LE input should then be
gled HIGNand brought LOW again, latching the

new data into the DSA. The attenuation word truth
table is listed in Table 7. A programming example of
the serial register is illustrated in Table 3. The serial
timing diagram is illustrated in Figure 3. Itis required
that all parallel pins be grounded when the DSA is
used in serial mode.
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Timing Diagrams
Figure 4 provides the serial programming register map for the PE43650.

Figure 4 = Serial Timing Diagram O\

:: EEE: Bits can either be set to logic high or logic low :‘
() Di0}. DI] and D[7] must be setto logic low Q

> - T -

§®D \ VALID
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Table 8 = Serial Interface AC Characteristics

PE43650
50Q RF Digital Step Attenuator

Symbol Parameter Min Max Unit
Folk Serial data clock frequency - 10 I{
TCLKH Serial clock HIGH time 30 - VA
T S (0) 3 O n

erial clock LOW time 0 - ns
CLKL A\ Pr
T Last serial clock rising edge setup time to Latch \Y
LESU Enable rising edge 10 ) {I .) AQ
L 4 -
TLEPW Latch Enable minimum pulse width 30 (—'\V O‘\IS
Tsisu Serial data setup time 10 V J ns
Ty Serial data hold time 10 4 - ) ns
Toisu Parallel data setup time 100 -Q ns
ToH Parallel data hold time 100 <?~ ns
P N\
Tasu Address setup time w - ns
TaH Address hold time U1OO - ns
Tpssu Parallel/serial setup time - ns
P ~ A
TpsH Parallel/serial hold time 010\ - ns
Tep Digital register delay (internal &7— 10 ns
[¢] g y ( ) / ,
Notes: V
Vpp = 3.3V or 5.0V, —40 °C < Tp < +85 °C, unless oth hfied.
N « N
‘ . .

Symbol }ram Min Max Unit

T Latc inim ulse width 30 - ns

LEPW Tiﬂ N Ip

Toisu %Ma se@iniv 100 - ns

Ql; e e 100 - ns

» Paral rial,®etup time 100 - ns

I/serial hold time 100 - ns

| register delay (internal) - 10 ns

\npp Digital register delay (internal, direct mode only) - 5 ns

Notes:
Vpp = 3.3V or 5.0V, =40 °C < Tp < +85 °C, unless otherwise specified.
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Evaluation Kit

The Digital Attenuator Evaluation Kit board was
designed to ease customer evaluation of the PE43650
digital step attenuator.

Direct Parallel Programming Procedure

For automated direct-parallel programming, connect
the test harness provided with the EVK from the
parallel port of the PC to the J1 and serial header pin
and set the D0-D6 SP3T switches to the ‘MIDDLE’
toggle position. Position the parallel/serial (P/S) select
switch to the parallel (or left) position. The evaluation
software is written to operate the DSA in either
parallel or serial-addressable mode. Ensure that the
software is set to program in direct-parallel mode.
Using the software, enable or disable each setting to
the desired attenuation state. The software automati-
cally programs the DSA each time an attenuation
state is enabled or disabled.

For manual direct-parallel programming, disconnect
the test harness provided with the EVK from the J1
and serial header pins. Position the parallel/serial

The LE pin on the serial header must be tied t
Switches D0-D6 are SP3T switches which gpe e
user to manually program the parallel bit any
input DO-D6 is toggled ‘UP’, logic high &

the parallel input. When toggled ‘D
presented to the parallel input. S
‘MIDDLE’ toggle position pres
forces an on-chip logic low.

parallel programming truth
trates the parallel prog [

Latched Parall I@ram %ocedure
For automa %&d-p I ogramming, the
procedure
methogdhe Mser o

rallel programming, the

ect-parallel
h¥software.
RO
)€al to direct-parallel except now the
pin on t

ensure that Latched-
serial header must be logic low as the
parallel bits are applied. The user must then pulse LE
from OV to VDD and back to OV to latch the
programming word into the DSA. LE must be logic low
prior to programming the next word.

\

(P/S) select switch to the parallel (or left) position.Q

Semi

Serial Programming Procedure

Position the parallel/serial (P/S) select switch to the
serial (or right) position. The evaluation software is
written to operate the DSA in either parallel o
mode. Ensure that the software is set to pr
serial mode. Using the software, enable

each setting to the desired attenuatio
software automatically programs t ach time
ed.

an attenuation state is enabled %

NS
£,
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Typical Performance Data

Semi

Figure 7-Figure 16 show the typical performance data at T = +25C, unless otherwise specified.

Figure 7 = 0.5 dB Step Error vs. Frequency*

Figure 8 » 1 dB Attenuation vs. Attenuation Stat; %

—— 200MHz —— 900MHz 1800MHz 2200MHz
—— 3000MH; —— 4000MH; —— 5000MH. —— GO0DMH: :
15 s z z z Attenuation \
1 30 ————500MHz v
e 2200 MHz,
o M 55 | =———3800MHz
= e} — 5800 MHz
5 § 20
E 05 S 20 (b
: A A A s b‘
w c
0 e S=== e 2 10
<
5
05
001 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 0 RERRERERLEEN L

Attenuation Setting (dB)

*Monotonicity is held so long as Step-Error does not cross below -0.5.

Figure 9 » 0.5 dB Major State Bit Error

—— 0.5 dB State 1dB State

—— 4dB State —— 8dB State

2dB State

) —— 15508 State /Q

Bit Error (dB)

0 10, 20 25 30 35
Q~ O uation State
i 0« ()(’\a%tenuation Error vs. Frequency
4
— 200MHz 900MHz —— 1B00MHZz 2200MHz
% ) fJUOIUFr\H: —.JUQUMH.E - quOF.IH: —.‘30.00!.1)-4:
&7, W
g 1.5 4
<N AN
=
E 0.5 —1 I '— |
= | ui —1 | | A 1 {
4 5 == == r—r——t 1T T —
505 !
o
g 14
15
2 4
0 6000 0 1 2 3 4 &5 6 7 B 9 10 11 12 13 14 15 16

Attenuation Setting (dB)
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Figure 11 = Insertion Loss vs. Temperature Figure 12 = Input Return Loss vs. Attenuation
@7T=+25C
400 —— 425C — 485C ——0dB 0.5dB 1dB —2dB
0 0 4 4B — G B —15.5dB r
0.5 5
g ] g
3 16 oo 5 151 -
E E‘““*—-—H\\ g -25 1 Ty A
£ 25 H !
L~ £ 30 ;
-3 —
e 235 4
-35 -40 4 Q
0 1 2 3 4 5 6 7 8 9 0 1 2 5 ’ 8 0
Frequency (GHz) Frequenc z),
Figure 13 = Output Return Loss vs. Attenuation @ . Freyuency
T=+25C
—bag 0.bas Tgia —Za8 1dB ——2dB
o —4ds —8dB —1:-.:-(35 —— 15.5d8

e

Return Loss (dB)

AR s Brwm |
| e =S TEIIEA
I

5 6 7 8
Frequency (GHz)

Figure 15 = Attenuation Em@w Figure 16 = Input IP3 vs. Frequency

6 GHz N\ N

2 L €U ;Ql—'PBSC - ——0dB 0.5dB 1dB ——2dB —— 4dB ——8dB
>4 ( v

15 Q, ) 65
& ! 60
= > = £ =t L
s 05 = o 55
= [ =
o =
= 0 g 50
l_zz }
&
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1.5 4 35
3 N 30
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Pin Information

This section provides pinout information for the

PE43650. Figure 17 shows the pin map of this device

for the available package. Table 10 provides a
description for each pin.

Figure 17 = Pin Configuration (Top View)

Semi

Table 10 = Pin Descriptions for PE43650

L ]
D = o o Z
O O O O o O
A
i i T iy i T
GND [ 1| sl
- = | 1 —
VDD |2 | 17 | CLK
- | Exposed | —
PSIZ0 | Csolder | L
GND |ZZ | Pad | I5Z|GND
RF1( = & I 154 |RF2
GND [T 172 | GND
N I
T o o A

@Q Eb N ca(Da)
i& C2 (D3)

1 GND Ground %
2 Vbp Power supply pin{ Als
3 PIS Parallel/seWect
4 GND |G ) 0
DS
5 RF1 | RmQ&/
6-13 GND G N\

ial interface latch enable input

ial interface clock input

Serial interface data input

Ground

2.0/\ 3 (D5)

Parallel control bit, 8 dB

Parallel control bit, 4 dB

Parallel control bit, 2 dB

Parallel control bit, 1 dB

23 C1(D2)
2 24 C0.5 (D1)

Parallel control bit, 0.5 dB

Q\ Paddle GND

Ground for proper operation

Note: Ground C0.5, C1 C2, C4, C8, if not in use.
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Packaging Information

This section provides packaging data including the package drawing, package marking and tape-and-reel infor-
mation.

Package Drawing %E
Figure 18 » Package Drawing (. N

(2X) {=— 2.7010.05 —=

13 \
TUTUTYS

0.25:0.osj
4 624) (ﬁﬂﬂlﬂﬂ : Pin #1 Identifi
n N
—Jo.10]c 6 | hamfer 0.30 Q
%) 2.50

Pin #1 Corner

:
|
N
L+ B
|
|
ﬁ*’] R
iUUW
+
ﬂﬂ}ﬂﬂf

TOP VIEW

Third Angle
Projection

Unless otherwise specified
L 0'-?282.3 SIDE VIEW 0.05 dimensions are in millimeters
Refer to comment for
% overall tolerance
Figure 19 » Marking ip! lons < :

//]0.10]C %
[=]o0s[C] L—Mf

SEATING PLANE

Top-Marking Specifi

)

\
& 50 ® = Pin 1 indicator
YYWW YY = Last two digits of assembly year
WW = Assembly work week
é ZZZZZ 277777 = \Last six digits of lot number
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Tape and Reel Specification

Figure 20 = Tape and Reel Drawing

P2 Fo
2.0£0.0 (1) 4.0£01 (1)
T
Lo
i
030 £0.05 81.55%£0.05
D1
— ?1.5 MIN.
=2
||
¢—-— &
)
&
&
Ko

SECTION Y—-Y

Direction of Fe O b‘

Ao 4. .55 +/— 0.1 () Measured fro em@of SDVOC%«
— t treli ( D

=0 4.55 + 0.1 an Ccimfir\jotr\'evmto HCC of 10 rol

Ko 1.0 +/— 0.1 holes i b, ¢
_ any ™ X\ trel v ket

i 5.50 +/= 0.1 hore N f A/

P 200 +/— 0.1 % aWal avail we

W 12.00 +/— 0.3 AL@ ONS IN VaLIME TS UNLESS oTuerRwisE statep, Device Orientation in Tape
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Ordering Information

Table 11 lists the available ordering codes for the PE43650 as well as available shipping methods.

Table 11 » Order Codes for PE43650 O)
N
ﬁ
PE43650A-Z PE43650 Digital Step Attenuator Green 24-lead 4x4mm QFN 30% its T&R/
EK43650-01 PE43650 Evaluation Kit Evaluation Kit CAdex A VD
p (@

- AN
O
LR
L0
. /\Q
oot >

The product is in a formative or design stage. The da @ n target specifications for product development. Specifications and

features may change in any manner without notice.

Preliminary Specification

The datasheet contains preliminary data. AQ{i ata ded at a later date. pSemi reserves the right to change specifications at any
time without notice in order to supply thgabe S¥ible pguct

Product Specification \
The datasheet contains final vent pS cides to change the specifications, pSemi will notify customers of the intended changes by
Q

issuing a CNF (Customer No @ orm).
Product Brief

This document conjgfin tened@x the datasheet. For the full datasheet, contact sales@psemi.com.
Sales Con
For additiopal INQrmation, % ales at sales@psemi.com.

Disclegers
Th atidn in tiy® d&Ument is believed to be reliable. However, pSemi assumes no liability for the use of this information. Use shall be entirely
r's own atent rights or licenses to any circuits described in this document are implied or granted to any third party. pSemi’s
d or intended for use in devices or systems intended for surgical implant, or in other applications intended to support or
n life, pplication in which the failure of the pSemi product could create a situation in which personal injury or death might occur.
emi assumesW liability for damages, including consequential or incidental damages, arising out of the use of its products in such applications.

Patent Statement
pSemi products are protected under one or more of the following U.S. patents: patents.psemi.com
Copyright and Trademark

©2018-2021, pSemi Corporation. All rights reserved. The Peregrine Semiconductor name, Peregrine Semiconductor logo and UltraCMOS are
registered trademarks and the pSemi name, pSemi logo, HaRP and DuNE are trademarks of pSemi Corporation in the U.S. and other countries.
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