// Peregr] ne Product Specification

50 Q RF Digital Attenuator
Product Description 7-bit, 31.75 dB, 9 kHz - 6000 MHz

VSSexT option
The PE43703 is a HaRP™-enhanced, high linearity, 7-bit RF
Digital Step Attenuator (DSA). This highly versatile DSA Features
covers a 31.75 dB attenuation range in 9.25 dB, Q.5 dB, or 1.0 « HaRP™-enhanc
dB steps. The customer can choose which step size and
associated specifications are best suited for their application. Attenuation
The Peregrine 50Q2 RF DSA provides multiple CMOS control 1.0 dB stegs
interfaces and an optional external Vss feature. It maintains
high attenuation accuracy over frequency and temperature and
exhibits very low insertion loss and low power consumption.
Performance does not change with Vpp due to on-board
regulator. This next generation Peregrine DSA is available in a
5x5 mm 32-lead QFN footprint. ¢

[traCMOS™ device

tonicity for <6.0 GHz

: Typical +59 dBm IIP3
é(%rformance
Vg Co (Vssext)
oV %Iy Voltage
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in des:

The PE43703 is manufactured on Peregrine’s UltraCMOS™
process, a patented variation of silicon-on-insulator (SOI)
technology on a sapphire substrate, offering the perfor e
of GaAs with the economy and integration of conventigfal
CMOS.
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addresses 000 - 111
igh-attenuation state @ power-up (PUP)

e CMOS Compatible
No DC blocking capacitors required

32-lead 5x5x0.85 mm QFN Package

: :> RF Output

IT TT (optional)
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Table 1. Electrical Specifications: 0.25 dB steps @ +25°C, Vpp = 3.3V 0or 5.0 V, VsSgxr =-2.7 V or GND

Parameter Test Conditions Frequency Min Typical Max Units
Frequency Range 9 kHz 4000 MHz
Attenuation Range 0.25 dB Step 0-31.75 dB
Insertion Loss 9 kHz <4 GHz 1.9 2.4 dB

0 dB - 7.75 dB Attenuation settings 9 kHz <3 GHz +(0.2+1.5%) dB
Attenuation Error 8 dB - 31.75 dB Attenuation settings 9 kHz <3 GHz 0.15+4%) dB

0 dB - 31.75 dB Attenuation settings 3 GHz <4 GHz +(0.25+4.5%) dB
Return Loss 9 kHz - 4 GHz dB
Relative Phase All States 9kHz - 4 GHz deg
P1dB (note 1) Input 20 MHz - 4 GHz 30 dBm
1IP3 Two tones at +18 dBm, 20 MHz spacing 20 MHz - 4 GHz dBm
Typical Spurious Value? | Vssegxr grounded 1 MHz dBm
Video Feed Through mVpp
Switching Time 50% DC CTRL to 10% / 90% RF ns
RF Trise/Tfall 10% / 90% RF ns
Settling Time RF set_tled to within 0.0_5 dB of final value. 4 5 us

RBW =5 MHz, Averaging ON.

Notes: 1. Please note Maximum Operating Pin (50Q) of +23dBm as shown in Jable 5.
2. To prevent negative voltage generator spurs, supply —2.7 volts to

Performance Plots, 0.25 dB step

Figure 3. 0.25 dB Step Attenuation* ctual vs. Ideal Attenuation
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Figure 6. 0.25 dB Attenuation Error
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Table 2. Electrical Specifications: 0.5 dB steps @ +25°C, Vpp = 3.3V or 5.0V, Vssgxr =-2.7 V or GND

Parameter Test Conditions Frequency Min Typical Max Units
Frequency Range 9 kHz 5000 MHz
Attenuation Range 0.5 dB Step 0-315 dB
Insertion Loss 9 kHz <5 GHz 2.0 2.6 dB

0 dB - 31.5 dB Attenuation settings 9kHz <4 GHz (0.25+4.5%) dB
Attenuation Error 0 dB - 16.5 dB Attenuation settings 4 <5 GHz +(0.3+5%) dB

17 dB - 31.5 dB Attenuation settings 4 <5 GHz +(1.3+0%) dB
Return Loss 9 kHz - 5 GHz dB
Relative Phase All States 9kHz -5GHz deg
P1dB (note 1) Input 20 MHz - 5 GHz 30, dBm
1IP3 Two tones at +18 dBm, 20 MHz spacing 20 MHz - 5 GHz dBm
Typical Spurious Value? | Vssexr grounded 1 MHz -110 dBm
Video Feed Through 10 mVpp
Switching Time 50% DC CTRL to 10% / 90% RF 0 ns
RF Trise/Tfall 10% / 90% RF 400 ns
e o0 e 5t el vae AN s
Notes: 1. Please note Maximum Operating Pin (50Q) of +23dBm as shown in Jable 5.

2. To prevent negative voltage generator spurs, supply —2.7 volts to

Performance Plots, 0.5 dB step

Figure 7. 0.5 dB Step Attenuation*
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Table 3. Electrical Specifications: 1 dB steps @ +25°C, Vpp = 3.3V or 5.0 V, VsSgxr =-2.7 V or GND

Parameter Test Conditions Frequency Min Typical Max Units
Frequency range 9 kHz 6000 MHz
Attenuation Range 1 dB Step 0-31 dB
Insertion Loss 9 kHz <6 GHz 2.3 2.8 dB

0 dB - 31 dB Attenuation settings 9kHz —4 GHz +(0.25+4.5%) dB
Attenuation Error 0dB-12dB Attenuatiqn settiqgs 4 GHz <6 GHz +0.4+8% dB

13 dB - 31 dB Attenuation setting 4 GHz <6 GHz +1.4+0% dB

0 dB - 31 dB Attenuation settings 4 GHz <6 GHz -Q.2-3% dB
Return Loss 9kHz -6 GHz dB
Relative Phase All States 9kHz -6 GHz deg
P1dB (note 1) Input 20 MHz - 6 GHz 30 dBm
1IP3 Two tones at +18 dBm, 20 MHz spacing 20 MHz - 6 GHz dBm
Typical Spurious Value? | Vssexr grounded 1 MHz 0 dBm
Video Feed Through 10 mVpp
Switching Time 50% DC CTRL to 10% / 90% RF 50 ns
RF Trise/Tfall 10% / 90% RF 0 ns
e i 005 o vae « Nz =
Notes: 1. Please note Maximum Operating Pin (50Q) of +23dBm as shown in Jable 5.

2. To prevent negative voltage generator spurs, supply —2.7 volts to

Performance Plots, 1 dB step
Figure 11. 1 dB Step Attenuation
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Performance Plots, 1 dB step (continued)

Figure 15. 1 dB Attenuation Error (continued) Figure 16. Insertion Loss @ Temperature
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Performance Plots (continued)
Figure 21. Relative Phase Error

©2008-2009 Peregrine Semiconductor Corp. All rights reserved.

Figure 22. Relative Phase Error vs.

Temperature for 31.75 dB State
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Figure 27. Pin Configuration (Top View)

g. 0 ©
330033808
O B F = =@ 2] [
NC CLK
Voo : _________ i LE
PIS | : Al
m 4] | Exposed | A2
GND I Solder pad : VSSext
GND |[6] : : GND
RF1 l__________l RF2
GND GND
(5] [x0) [ 2] [5] [14) (5] s
Table 4. Pin Descriptions
Pin No. | Pin Name Description
1 N/C No Connect
2 Vop Power supply pin
3 P/S Serial/Parallel mode select
4 A0 Address Bit AO connection
5 GND Ground
6 GND Ground
7 RF1 RF1 port

8-17 GND Ground

18 RF2 RF2 port

19 GND

20 VSSexr

21 A2

22 A

23 S interface Latch E e igput
24 CLK face Clockdnp
25 S Serid)interface D@ta input
26 C 6) allel control biggl6 dB
27 c8 (D Parallel co i 8

28 C4 (D4) Parallel cont it, 4 dB
29 C2 (D3) Pal | contrgPbit, 2 dB
30 C1(D2) PWlle rol bit, 1 dB

rallel control bit, 0.5 dB

llel control bit, 0.25 dB

round for proper operation

Document No. 70-0245-05 | www.psemi.com

Electrostatic Discharge (ESD) Precautions
When handling this UltraCMOS™ device, observe the
same precautions that you would use with other ESD-
sensitive devices. Although this device contains
circuitry to protect it from damage due to ESD,
precautions should be taken to avoid exceeding the
specified rating.

Latch-Up Avoidance
Unlike conventional CMOS
devices are immune to |

exT control must be

grounded or at ge specified in the
Operating Range . ntrol pin
on the package is g i e
biased@@i [ ive v e

generat icati i owest
ossible s nce, V@84 can P& applied to
ypass the in negati oltadg generator to
elimipate the spdrs.

itching Fre %
e PE43703 25 kHz switching rate

VSSexT IS nd Switching rate is defined to
be'the sp he DSA can be toggled across
attenuati

Moi e Senhsitivity Level

oIyIre Sensitivity Level rating for the PE43703 in
the Qx5 QFN package is MSL1.

posed Solder Pad Connection

The exposed solder pad on the bottom of the package
must be grounded for proper device operation.
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Parameter Min Typ Max Units

Vpp 3.3V Power Supply 3.0 33 36 Vv
Voltage ) ) )
Vpp 5.0 V Power Supply 45 50 55 v
Voltage ) ) )
Vssext Negative Power Supply 30 27 24 vV
Voltage! : : :
Iop Power Supply Current 70 350 uA
Digital Input High 2.6 5.5 \%
P\ Input power (50Q):

9 kHz <20 MHz See fig. 28| dBm

20 MHz <6 GHZ +23 dBm
Top Operating temperature 40 o5 85 oC
range
Digital Input Low 0 1 \%
Digital Input Leakage 15 MA

Note: 1. Applied only when external VSS power supply used. Pin 20
must be grounded when using internal Vss supply

Figure 28. Maximum Power Handling Cap

30.0

Table 6. Absolute Maximum Ratings

maximum for extended p

Dx

25.0

20.0

15.0

Pin dBm

10.0

50 +——

0.0

Symbol Parameter/Conditions Min Max Units
Voo  |Power supply voltage -0.3 6.0 \%
Vss External Negative Power
VSSext Supply Voltage (optional) 4.0 03 v
\ Voltage on any Digital input 5.8 \%
Input power (50Q)
See fig. 28 | dBm
dBm
°C
500 \
100 \
M d 3015.7)
ay e
stricted to
ting Ragfeytabl peration

1.0E+03 'OE+04

1.0E+06
Hz

S8

1.0E+08

©2008-2009 Peregrine Semiconductor Corp. All rights reserved.

1.0E+09

Document No. 70-0245-05
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Table 7. Control Voltage Table 10. Serial Address Word Truth Table
State Bias Condition Address Word
Address
Low 0to +1.0 Vdc at 2 pA (typ) (MAS78) A6l as | aal a3 | a2 | A1 AO Setting
High +2.6 to +5 Vdc at 10 PA (typ) X X X 000
X X X X 001
X X X X 010
Table 8. Latch and Clock Specifications X X | X | X 011
Latch Enable Shift Clock Function X X X X 100
0 1 Shift Register Clocked X X | X | X 101
X Contents of shift register X X X 110
T transferred to attenuator core X X X 111
Table 9. Parallel Truth Table Table 11. th Table
Parallel Control Setting Attenuation nuation
Setting Setting
D6 D5 D4 D3 D2 D1 DO RF1-RF2 D7 D6 RE1-RF2
L L L L L L L Reference I.L. L L L L L Reference I.L.
L L L L L L H 0.25dB L L L L L H 0.25 dB
L L L L L H L 0.5dB H L 0.5dB
L L L L H L L 1dB L H L L 1dB
L L L H L L L 2 L L L 2dB
L L H L L L L L L L L 4dB
L H L L L L L 8 L L L L 8dB
H L L L L L L 16 dB L L L L 16 dB
H H H H H H H H H H H H 31.75dB
Table 12. Serial- essab eg r Ma
i can eithe set to logic high or logic low
MSB (lastin) e set to logic low LSB (firstin)
'

Q15
AT

Q8 Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0
A0 D7 D6 D5 D4 D3 D2 D1 DO

S _—
—

Attenuation Word

Attenuation Wor
at address 3:

ved directly from the attenuation value. For example, to program the 18.25 dB state

o XXXXX011
jon Word: Multiply by 4 and convert to binary — 4 * 18.25 dB — 73 — 01001001
S8gal Input: XXXXX01101001001

Document No. 70-0245-05 | WWwW.psemi.com ©2008-2009 Peregrine Semiconductor Corp. All rights reserved.
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Programming Options

Parallel/Serial Selection

Either a parallel or serial-addressable interface can
be used to control the PE43703. The P/S bit
provides this selection, with P/S=LOW selecting the
parallel interface and P/S=HIGH selecting the serial-
addressable interface.

Parallel Mode Interface

The parallel interface consists of seven CMOS-
compatible control lines that select the desired
attenuation state, as shown in Table 9.

The parallel interface timing requirements are
defined by Fig. 30 (Parallel Interface Timing
Diagram), Table 9 (Parallel Interface AC
Characteristics), and switching speed (Table 1).

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 Fig. 30) to latch new attenuation state into
device.

For direct parallel programming, the Latch Eng
(LE) line should be pulled HIGH. Changing
attenuation state control values will change dé
state to new attenuation. Direct mode is ideal 8
manual control of the device (using hardwire,

switches, or jumpers).

Serial-Addressable Interfa
The serial-addressable in
parallel-out shift register bu
latch. The 16-bits

example timing diagram for pro ing a state. It
is required that all parallgl contro§inputs be
grounded when the IS sefl in serial-
addressable mod

The serial-adgfesg@bleWnterface is controlled using

three CM C e signals: Serial-In (SI),
Clock ( n tch Enable (LE). The Sl and
CLK inp data to be serially entered into the

©2008-2009 Peregrine Semiconductor Corp. All rights reserved.

shift register. Serial data is clocked in LSB first,
beginning with the Attenuation Word.

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 ggain, latching the

ing Word. In direct-
reset to any state
e-setting the parallel

p. In this mode, there is
the time the DSA is
the desired state is
r-up delay, the device
attenuate he maximum attenuation setting
(31.45 dB) re defaulting to the user defined
the control pins are left floating in this mode

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.

Document No. 70-0245-05 | UlraCMOS™ RFIC Solutions
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Figure 29. Seri

DI[6:0]

al-Addressable Timing Diagram

@ Bits can either be set to logic high or logic low

(:) D[7] must be set to logic low

ADDI[2:0]

P/S

S|

ol N A0 X An Y A2

ol o ) ol X o X ol X ol )

CLK

LE

po[6:0] [

Figure 30. Latched-Parallel/Direct-Parallel Timing Diagram

PIS H

i

TessuP™ 4TPSH->‘
DI[6:0] % VALID
>
LE | v
T
DO[60] VALID
- Tp-
—Tppp

Table 13. Serial-Addressabl erfa TaMle 14. Parallel and Direct Interface
AC Characteristi AC Characteristics
Vpp=3.30r5.0V,-40°C<T, less ot ise spec \ =3.30r5.0V, -40° C < Tp < 85° C, unless otherwise specified
Symbol Parameter ax | U Symbol Parameter Min | Max | Unit
Feik - 10 A - Latch Enable minimum 30 i ns
TeLkn 30 ns LEPW pulse width
Tewke 30 - ns Toisu Parallel data setup time 100 - ns
Tom Parallel data hold time 100 - ns
Tiesu 0 ns
Tpssu Parallel/Serial setup time 100 - ns
Tiepw - ns TesiH Parallel/Serial hold time 100 - ns
Tsis - ns Digital register dela
igi i y )
Tsi 10 - ns Teo (internal) 10 ns
Toisy 100 - ns - Digital register delay 5
DIPD ; ; - ns
Tom 100 - ns (internal, direct mode only)
Tasu 100 - ns
Tan 100 - ns
Tpssu 100 - ns
al hold time 100 - ns
gister delay (internal) - 10 ns

Document No. 70-0245-05 | www.psemi.com
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Evaluation Kit Figure 31. Evaluation Board Layout
Peregrine Specification 101-0312

The Digital Attenuator Evaluation Kit board was
designed to ease customer evaluation of the
PE43703 Digital Step Attenuator. — —_i ]

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 & Serial
header pin and set the DO-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- - Q- Y S S
Addressable Mode. Ensure that the software is set ~ mm—-— = 00 \um Q) m— i
to program in Direct-Parallel mode. Usingthe g """

software, enable or disable each setting to the Jce Fig. 324or Evalualj %

) ] hematic
desired attenuation state. The software
gramglling Procedure
i /S) select switch to

For manual direct-parallel programming,
disconnect the test harness provided with the k&
from the J1 and Serial header pins. Positio
Parallel/Serial (P/S) select switch to the Par
left) position. The LE pin on the Serial head gn the ADD header AO-A2 (or lower)
be tied to Vpp. Switches DO-D6 are SP3T s iy set logic high, or jump the middle
ogram the i e upper row of pins to set logic low. If
ins are left open, then 000 become the
t address. The evaluation software is
y is presefiied to \ itten to operate the DSA in either Parallel or

automatically programs the DSA each time an
attenuation state is enabled or disabled.
tion. Prior to
must define an address

header pin. Jump the

Seérial-Addressable Mode. Ensure that the

forces software is set to program in Serial-Addressable

th& parall mode. Using the software, enable or disable each
illustrates t setting to the desired attenuation state. The

parallel pro i i . software automatically programs the DSA each

time an attenuation state is enabled or disabled.
Latched- ur
For autom arallel pr@gramifhing, the
procedure is | i wect- | method.
The user only m§§¥ensure th ed-Parallel is

selected in the software.

il ogramming, the
direct-parallel except now

B header must be logic low
applied. The user must then
Vpp and back to 0V to latch the

low prior t\grogramming the next word.
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Figure 32. Evaluation Board Schematic
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Figure 33. Package Drawing
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Figure 34. Tape and Reel Drawing
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Section A-A

Notes:
1. 10 sprocket hole pitch cumulative tolerance +.02.
2. Camber not to exceed 1Tmm in 100mm.

3. Material: PS + C.

4. Ao and Bo measured as indicated.

5. Ko measured from a plane on the inside bottom of
the pocket to the top surface of the carrie
6. Pocket positicn relative to sprocke
true position of pocket, not pocket

Figure 35. Marking Spe

YYWW = Date Code
ZZZ7ZZ7 = Last five digits of Lot Number

Pin 1

@

Top of
Device

Device Orientation in Tape

Description

Package

Shipping Method

PE43703 G - 32QFN 5x5mm-75A

Green 32-lead 5x5mm QFN

Bulk or tape cut from reel

PE43703 G — 32QFN 5x5mm-3000C

Green 32-lead 5x5mm QFN

3000 units / T&R

PE43703 G — 32QFN 5x5mm-EK

Evaluation Kit

1/Box
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