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50 Q RF Digital Attenuator 7-bit, 31.75 dB, 9 kHz-4.0 GHz

Features Figure 1 « PE43670 Functional Diagram
+ Attenuation: 0.25 dB steps to 31.75 dB .
- High linearity: Typical +59 dBm IIP3 Switched Attenuator Array

= Excellent low-frequency performance

« Fast switch settling time
* Programming modes:
= Direct parallel

= Latched parallel

= Serial-addressable: Program up to eight
addresses 000 - 111

* CMOS-compatible
* No DC blocking capacitors required
* Packaged in a 32-lead 5x5x0.85 mm QFN

EQ A0 A1 A2 PIS

Product Description

The PE43670 is a high §gearity,§-bit RF Digital Step Attenuator (DSA). This highly versatile DSA covers a 31.75
dB attenuation rangg steps. The Peregrine 50Q RF DSA provides a parallel or serial-addressable
CMOS control intelacgy It M&intains high attenuation accuracy over frequency and temperature and exhibits

ontrol Logic Interface

regulator. T ife DSA is available in a 5x5 mm 32-lead QFN footprint.

The PE ufactured on Peregrine’s UltraCMOS™ process, a patented variation of silicon-on-insulator
(SOI) on a sapphire substrate, offering the performance of GaAs with the economy and integration of
conventi | CMOS.
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Absolute Maximum Ratings

2
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Semiconductor

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 ESD-sensi

avoid exceeding the rating specified in Table 1.

Although this device contains circuitry to protect it from damage due to ESD, precautions shoulw

Latch-up Immunity

Unlike conventional CMOS devices, UltraCMOS devices are im

Table 1 « Absolute Maximum Ratings for PE43670

NE,

eYevices.

Recommended Operati

Table 2 lists the recommendi

Vpp Power supply voltage 6.0 Y
V| Voltage on any digital input 5.8 \Y
Input power (50Q) .
Fig. 2
PN 1 Hz <20 MHz See Fig dBm
+23 dBm
20 MHz <4 GHz

TsT Storage temperature 4§ -65 150 °C

Vesp ESD voltage (HBM) 500 \%

ESD voltagey( del) 100 v

Notes:
1) Human body model (H MI D 883 Metho

ditions
ting conditions for the PE43670. Devices should not be operated outside

the operating conditionglisted glow.
ng Conditions for PE43670

20 MHz £ 4 GHz

3.0 3.3 \Y

5.0 55 \Y

Ipp Power Supply Current 70 350 MA

Digital Input High 2.6 5.5 \Y,
P\n Input power (50Q): See Fig. 2 4Bm
1 Hz < 20 MHz +23 dBm
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Table 2 « Recommended Operating Conditions for PE43670 (Cont.)

-40 25 85 °C

Top Operating temperature range
1 \Y,

Digital Input Low

Digital Input Leakage' 15 HA
Note: * 1. Input leakage current per control pin. ‘ l ’
Maximum Power Handling Capability \
Figure 2 shows the maximum power handling capability for the P

Figure 2 « Maximum Power Handling Capability: Z0 = 50 Q < : u%

670.

30.0

Pin dBm

1.0E+09

T T T

1.0E+05 1.0E+06 1.0E+07 1.0E+08
Hz
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Electrical Specifications

Table 3 provides the PE43670 key electrical specifications @ +25°C, Vpp = 3.3 V or 5.0 V, unless otherwise
specified.

Table 3 « PE43670 Electrical Specifications

Frequency Range 9 kHz 4. z
Attenuation Range 0.25 dB Step 0-31.75 dB
Insertion Loss 9kHz <4 GHz 1.9 4 dB
0 dB - 7.75 dB Attenuation settings 9kHz <3 .2+1.5%) dB
Attenuation Error 8 dB - 31.75 dB Attenuation settings 9 kHz GH .15+4%) dB
0 dB - 31.75 dB Attenuation settings 3G z +(0.25+4.5%) dB

Return Loss 9 kHZ Q4 z 1 dB
Relative Phase All States Hz GHz 44 deg
p1dB (Note 1) Input 20 MHz - 4 GHz 32 dBm
1IP3 Two tones at +18 dBm, 20 ing |20 MHzg4 G 59 dBm
Typical Spurious 1 -110 dBm
Value

Video Feed Through 10 mVpp
Switching Time 650 ns
RF Trise/Tfall 400 ns
Settling Time 4 25 us
Notes:

1) Please note Maximum Operating Pin (50

Switching Frequenc
The PE43670 ha i 25 kHz switching frequency. Switching frequency is defined to be the speed at
which the DS toggled across attenuation states. Switching time is the time duration between the point
the control si€halgeaced 50% of the final value and the point the output signal reaches within 10% or 90% of its
target va
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Control Voltage

Table 4 provides the control voltage table for the
PE43670.

Table 4 « Control Voltage Table for PE43670

State Bias Condition

Low 0to +1.0 Vdc at 2 pA (typ)

High +2.6 to +5 Vdc at 10 pA (typ)

Latch and Clock Specifications

Table 5 provides the latch and clock specifications
table for the PE43670.

Table 5 « Latch and Clock Specifications for PE43670

Latch Enable Shift Clock Function

Shift Register OV

for the PE43670.

Truth Tables 9
Table 6, Table 7, and Ta@ the truth
Table 6 « Parallel Trut? 3

Parallel Control Setting ttenuation

Setting

o Y RF1-RF2

D5 D4 D3 D2 .. DO

PE43670
50 Q RF Digital Attenuator

Table 6 « Parallel Truth Table (Cont.)

Parallel Control Setting

Attenuation
Setting

D6 s ps D3 D2 D1 DO RF1-RF2

(MSB)

1.75dB

Table 7 « Address Word Truth Table

Address Word
Address

(MA7) ‘6 /5 A4 P3 A2 A' A0 Oetting

L L 000

L|L H 001

XTX | L |H L 010

X | X | L |H H 011

X | X | X |H]|L L 100

X X | X | X |H]|L H 101
X| X | X |H|H L 110

X X| X | X |H|H H 11

Table 8 « Attenuation Word Truth Table

Attenuation Word

Attenuation
Setting

D7 D6 D5 D4 D3 D2 D1 RF1-RF2

(MSB) L|{L|L, L|L|L L L Reference I.L.

L L L | Reference I.L. ol B B B H 0.25dB

L L | L | H | 02dB Lo oL |L H| L 0.5dB

L L H L 05dB L L L L L | H L L 1dB

L h L H L L 1dB L L L L | H|L L L 2dB

L L H L L L 2 dB L L L | H L L L L 4 dB

L L H L L L L 4dB L L H L L L L L 8 dB

L H L L L L L 8 dB L H L L L L L L 16 dB

H L L L L L L 16 dB L H|{H | H|H|H]|H H 31.75dB
DOC-88407-3 — (06/2019) W Page 5 of 17
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Serial-Addressable Register Map

Figure 3 « Serial-Addressable Register Map

Bits can either be set to logic high or logic low

D7 must be set to logic low

MSB (last in) L tin)
Q15| Q14 | Q13 | Q12 |Q11 | Q10 | Q9 | Q8 | Q7 | Q6 | Q5 | Q4 | Q3 Q1 \QO
D D5 D2 D1 DO

AT Ab A5 A4 A3 A2 A1 A0 D4 D3
Address Word AttenuatitWorz ,

The attenuation word is derived directly from the valueN nuation s o fizd
the attenuation word, multiply the value of the sta four, Men con b
For example, to program the 18.25 dB stajg at gddress 3:

4x18.25=73
73 — 0100100

Page 6 of 17 ULrraCMOS DOC-88407-3 — (06/2019)
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Programming Options

Parallel/Serial-Addressable Selection

Either a parallel or serial-addressable interface can be
used to control the PE43670. 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 seven CMOS-
compatible control lines that select the desired attenu-
ation state, as shown in Table 6.

The parallel interface timing requirements are defined
by Figure 5 (Parallel Interface Timing Diagram),

Table 10 (Parallel Interface AC Characteristics), and
switching speed (Table 3).

For latched-parallel programming the latch enable
(LE) should be held LOW while changing atten
state control values, then pulse LE HIGH to L
(Figure 5) to latch new attenuation state ig

For direct parallel programming, the latc
line should be pulled HIGH. Changing att n
0

Serial-Addressablegnt

The serial-addressab tegftce is a 16 -in,
parallel-out shift registe fered ent

a tran
latch. The 16-bits make up two woRds co rised of 8-
bits each. The first word is th en word,

which controls the state of the e second word

is the address word, whjch is cOgnpared to the static
(or programmed) logj tes oY the A0, A1 and A2
digital inputs. If th n ress match, the DSA

changes state; gth e its current state will remain
unchanged. strates a example timing
diagram fq ing a state. It is recommended

The serial-a®dressable interface is controlled using
three CMOS-compatible signals: serial-in (SI), clock
(CLK), and latch enable (LE). The Sl and CLK inputs
allow data to be serially entered into the shift register.
Serial data is clocked in LSB first, beginning with the
attenuation word.

PE43670
50 Q RF Digital Attenuator

The shift register must be loaded while LE is held LOW
to prevent the attenuator value from changing as data is
entered. The LE input should then be toggled HIGH and
brought LOW again, latching the new data into the DSA.
Address word and attenuation word truth tables are

listed in Table 7 and Table 8, respectively
programming example of the serial-addrgs e ster
is illustrated in Figure 3. The serial- ad&al

diagram is illustrated in Figure 4.

Power- ntrol Sett1

The I alway |t|aI the maximum
ttmg ( on power up for both

|aI address e n atChed-parallel modes of
opRgti®h and this setting until the user
at sin th B p

mmlng word. In direct-
€ DSA can be preset to any state
range by pre-setting the parallel
rior to power-up. In this mode, there is a
etween the time the DSA is powered-
ime the desired state is set. During this
-up delay, the device attenuates to the
ximum attenuation setting (31.75 dB) before

aultlng to the user defined state. If the control pins
are left floating in this mode during power-up, the
device will default to the minimum attenuation setting
(insertion loss state).

Dynamic operation between serial-addressable and
parallel programming modes is possible.

If the DSA powers up in serial-addressable mode (P/S
= HIGH), all the parallel control inputs DI[6:0] must be
set to logic low. Prior to toggling to parallel mode, the
DSA must be programmed serially to ensure  D[7] is
set to logic low.

If the DSA powers up in either latched or direct-
parallel mode, all parallel pins DI[6:0] must be set to
logic low prior to toggling to serial-addressable mode
(P/S = HIGH), and held low until the DSA has been
programmed serially to ensure bit D[7] is set to logic
low.

The sequencing is only required once on power-up.
Once completed, the DSA may be toggled between
serial-addressable and parallel programming modes
at will.

DOC-88407-3 — (06/2019)
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Figure 4 « Serial-Addressable Timing Diagram
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Bits can either be set to logic high or logic low

<:> *D[7] must be set to logic low

DI[6:0] %«
Tos—W]

ADDI[2:0]

P/s

Sl

CLK

LE

IR ECRESTDESBESE ETDD RN

;;
vo {8

DOI6:0]

Figure 5 ¢ Latched-Parallel/Direct-Parallel Timing Diagram\

Table 9 ¢ Serial-Addressable Interf@%acteristics

- 10 MHz

ime 30 - ns

k LOW time 30 - ns

al clock rising edge setup time to Latch 10 ) ns

Latch Enable minimum pulse width 30 - ns

Tsisu Serial data setup time 10 - ns

TsiH Serial data hold time 10 - ns

Toisu Parallel data setup time 100 - ns

ToH Parallel data hold time 100 - ns
Page 8 of 17 _U_I.IBAQN\QS_ DOC-88407-3 — (06/2019)
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Table 9 « Serial-Addressable Interface AC Characteristics

PE43670

50 Q RF Digital Attenuator

Tasu Address setup time 100 - ns
Tan Address hold time 100 . ns

Tpssu Parallel/serial setup time 100 -

TpsH Parallel/serial hold time 100 - ns

Tep Digital register delay (internal) - 10 Ns

Notes:

1. Vpp = 3.3V or 5.0V, —40 °C < T, < +85 °C, unless otherwise specified.
Table 10 ¢ Parallel and Direct Interface AC Characteristics

TLepw Latch Enable minimum pulse width V 30 - ns

Toisu Parallel data setup time 1 - ns

ToiH Parallel data hold time 0 - ns

Tpssu Parallel/serial setup time 10 - ns

TpsH Parallel/serial hold tj 100 . ns

Tep Digital register deld - 10 ns

Toipp Digital reg ) - 5 ns

Notes:

Vpp = 3.3V or 5.0V, =40 °C < Tp

DOC-88407-3 — (06/2019) !.!LIBAQN\Q& Page 9 of 17
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Typical Performance Data

Figure 6 through Figure 20 show the typical performance data at T = +25C, unless otherwise specified.

Figure 6 « 0.25 dB Step Error vs. Frequency* Figure 7 « 0.25 dB Attenuation vs. Attenuation State
—200MHz  —900MHz  — 1800 MHz
—2200MHz  — 3000 MHz
050 . -

3K
——900 MHz
= 1800 MHZ
S0 —=2200 MHz
m — 3800 MHz
g o> T s
= c
5 S 20
& 8
g 3 15
@ 0.00 S
g

02D 0 :‘ é 1’2 1"5 2:) 2; 2'8 32 ‘ T T 1T | T T T T 17 T T ‘ T 71T ‘ T T 1T ‘ T TT
Attenuation Setting (dB) 5 5 20 25 30 35
S ion State
*Monotonicity is held so long as Step-Error does not cross below -0.2

Figure 8 ¢ 0.25 dB Major State Bit Error 5 dB Attenuation Error vs. Frequency

——0.25dB State ——0.5dB State 1\ State
2dB State ——4dB State —— 8R@State — 200 MHz ——900 MHz 1800 MHz
—— 16dB State ——31.75dB State 2200 MHZ —— 3000 MHz ——4000 MHz
15
1.0
o [is)
S 05 Z o5
8 g
“gJ 0.0 Lg 00 W“‘- WWM oo M"w%\
® = M s d LY
[ T I e www
& 05 805
< <
10 1.0
-1.5 15
0 00 40 80 120 16.0 200 240 280 324
Attenuation Setting (dB)

Figure 10 « Insertio Figure 11 « Input Return Loss vs. Attenuation: T = +25C

—0dB 0.25dB 0.5d8 1dB —2dB
0 —4dB 8dB — 16dB 31.75dB

%]
o

w
o

-40
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Figure 12 « Output Return Loss vs. Attenuation: Figure 13 « Input Return Loss vs. Temperature: 16 dB
T=+25C State
——0dB ——0.25dB 0.5dB 1dB —2dB —40C —25C —85C
0 ——4dB ——8dB —— 16dB 3175dB 0
5
10
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v [T 2 '
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2 . T 2
& -40 1 ~ e
. /\ /
50 4 o /\/
] e
-60 -
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Frequency (GHz) o C! T B g

1 2 3 F ( 6
Figure 14 « Output Return Loss vs. Temperature: Fig 15 « Relggi se 8. Frequency
16 dB State
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Figure 16 « Relative Phase vs. Tempgatupp: 31.75dB  Figure 17 « Attenuation Error vs. Attenuation
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Figure 18 « Attenuation Error vs. Attenuation Figure 19 « Attenuation Error vs. Attenuation
Setting: 1800 MHz Setting: 3000 MHz
—+25C —_40C —_+85C —+25C —40C —+85C
154 15
1.0 4 1 | 1.0
— [in)
8 o5 = 051
£ i
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z T g |
208 £ 05
10 -1.0
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Attenuation Setting (dB) AttenuatnN

Figure 20 « Input IP3 vs. Frequency \ @
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Evaluation Kit
The Digital Attenuator Evaluation Kit board was programming word into the DSA. LE must be logic low
designed to ease customer evaluation of the PE43670 prior to programming the next word.
DSA. Figure 21 « Evaluation Kit Layout for PE43670

Direct-Parallel Programming Procedure

For automated direct-parallel programming, connect Lm—
the test harness provided with the EVK from the el el Tl [Tt
parallel port of the PC to the J1 and serial header pin fi
and set the D0-D6 SP3T switches to the ‘MIDDLE’ gl fhd )bl :
toggle position. Position the parallel/serial (P/S) select I HE 3
switch to the parallel (or left) position. The evaluation Pt
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 g .

Position parallel/serial (P/S) select switch to the
j igN) position. Prior to programming, the

and serial header pins. Position the para er t define an address setting using the ADD
S) select switch to the parallel (or left) -~ heqger pin. Jump the middle pins on the ADD header
LE pin on the serial header mus . 0-A®(or lower) row of pins to set logic high, or jump
Switches D0-D6 are SP3T swijtc middle pins to the upper row of pins to set logic
user to manually program the ) low. If the ADD pins are left open, then 000 become
input DO-D6 is toggled AN the default address. The evaluation software is written

to operate the DSA in either parallel or serial-
addressable mode. Ensure that the software is set to

‘MIDDLE’ toggle positi program in serial-addressable mode. Using the
forces an on-chip logic loW. software, enable or disable each setting to the desired
parallel programming truth table a e 5 illus- attenuation state. The software automatically

trates the parallel programmi i lagram. programs the DSA each time an attenuation state is

enabled or disabled.

Latched-Parallel Prow g Procedure
For automated latg @ ar programming, the
procedure is idgptiCRlo the direct-parallel method.

The user on re that Latched-parallel is
selected ig

LE pin on tf® serial header must be logic low as the
parallel bits are applied. The user must then pulse LE
from OV to Vpp and back to 0V to latch the

DOC-88407-3 — (06/2019) _‘J_LIBAQN\QLS. Page 13 of 17
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Pin Information

This section provides pinout information for the

PE43670. Figure 22 shows the pin map of this device

for the available package. Table 11 provides a
description for each pin.

Semiconductor

// Peregrine

Table 11 « Pin Descriptions for PE43670

Figure 22 « Pin Configuration (Top View) 1 N/C No connect
2 Vbp Power supply pin
ul
= - 3 P/S Serial/parallel d&
O 0O 0O 0 o0 0 o wmn
O FEEE]E EE E E Address bit A0 (§8B)
NC CLK B
Voo : _________ | LE
PIS | Al
| |
AD |[+] | Exposed I A2
awo|[5] | Solder pad | GND -
GND |[E] | : GND ddress bit A2
|
RF Lo Az Address bit A1
GND GN
3 LE Latch Enable input
(2] (1] [11] [2] [1s]
oo oooaoano o 2 CLK Serial interface clock input
565666686066
Sl Serial Interface input
26 C16 Attenuation control bit, 16 dB
27 C8 Attenuation control bit, 8dB
28 C4 Attenuation control bit, 4 dB
29 C2 Attenuation control bit, 2 dB
30 C1 Attenuation control bit, 1 dB
31 C0.5 Attenuation control bit, 0.5 dB
32 C0.25 | Attenuation control bit, 0.25 dB (LSB)
V Paddle GND Ground for proper operation

Note: Ground C0.25, C0.5, C1, C2, C4, C8, C16 if not in use.

Page 14 of 17
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Packaging Information

This section provides packaging data including the moisture sensitivity level, package drawing, package
marking and tape-and-reel information.

Moisture Sensitivity Level
The moisture sensitivity level rating for the PE43670 in the 5x5 QFN package is MSL 1.

Package Drawing
Figure 23 « Package Mechanical Drawing for 5x5 QFN \

S.00040.050

3.100£0050
Exp.DAP

PIN #1 IDENTIFICATION
CHAMFER 0.350 X 45°

PIN 1 DOT
BY MARKING \

‘ =
' -
C
S000£0.050 3 8 |_ EF N V C 3EGMS$O
(Ox2Imm) (o
(-
C
9
0 &os0 J NN nNan oanu;ﬂusu
| - |
I Ref. 1
TOP BOTTOM VIEW
QFN 5 ]
MAX 0.9 Ul oooooooo—t—+
A NOM 0 lJﬂ[JIJ—D.[JSOJ 0.203 R?f‘J
MIN 0 SIDE VIEW
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Top-Marking Specification

Figure 24 « Package Marking Specifications for PE43670

43670 ® = Pin 1 indicator
YYWW YY = Lasttwo digits of assembly year
ZZZZZZ WW = Assembly work week \
)

777777 Assembly lot code (maximum seven cgfffacters

Figure 25 « Tape and Reel Specifications for 5x5 QFN

Tape and Reel Specification \Q@ :

P2 Po
204 0+0.1 (I
T Do
030 +0.05 #1.55+0.05
] 31.5 MIN ‘ ‘ ’
4 I I
i 8 — P&
U I I
=) —F—> |
Q@
&
Ao
Ko

SECTION Y=Y ‘
V DETAIL ‘A’

Direction of Feed O 6 .
— |- Pin

() Measured from centreline of sprocket hole T
to centreline of pocket.

(1) Cumulative tolerance of 10 sprocket

(

holes s £ 0.20 .

Iy Measured from centreline of sprocket
hole to centreline of pocket

V) Other material available.

ALL DIMENSIONS IN MILLIMETRES UNLESS oTHERWISE sTATED.  Device Orientation in Tape
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Ordering Information

Table 12 lists the available ordering codes for the PE43670 as well as available shipping methods.

Table 12 « Order Codes for PE43670

PE43670A-Z PE43670 digital step attenuator Green 32-lead 5x5mm QFN 3000 units / T&R

EK43670-01 PE43670 evaluation kit Evaluation Kit 1/Box

Document Categories : )

Advance Information

The product is in a formag
features may change in an

si tage. Thegfatasfeet contains design target specifications for product development. Specifications and
pthout notice.

Preliminary Specificatio

The datasheet contains preliminary data. Ad§gional a may be added at a later date. pSemi reserves the right to change specifications at any
time without notice in order to supply t st e product.

Product Specification

The datasheet contains final d In the nt pSemi decides to change the specifications, pSemi will notify customers of the intended changes by
issuing a CNF (Customer i Fgpn).

Sales Contact

For additional infogffation, tact Sales at sales@psemi.com.

Disclaimer

thi ument is believed to be reliable. However, pSemi assumes no liability for the use of this information. Use shall be entirely
- No patent rights or licenses to any circuits described in this document are implied or granted to any third party. pSemi’s
products ar&got designed or intended for use in devices or systems intended for surgical implant, or in other applications intended to support or
sustain life, orQp any application in which the failure of the pSemi product could create a situation in which personal injury or death might occur.
pSemi assumes no 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, 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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