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PE43703

50 Q RF Digital Attenuator
Product Description 7-bit, 31.75 dB, 9 kHz - 6000 MHz
Vssexr 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 Q.25 dB, Q.5 dB, or 1.0 « HaRP™-enha UltraCMOS™ device

dB steps. The customer can choose which step size and

associated specifications are best suited for their application.

The Peregrine 50Q RF DSA provides multiple CMOS control

interfaces and an optional external Vss feature. It maintains ici <4.0 GHz

high attenuation accuracy over frequency and temperature and iCi r <5.0 GHz

exhibits very low insertion loss and low power consumption. i r <6.0 GHz

Performance does not change with Vpp due to on-board . .

regulator. This next generation Peregrine DSA is available in a : Typical +2 dBm [IP3
-frequ rformance

5x5 mm 32-lead QFN footprint.
ional External V§§Co (VssexT)
o - ) erS
process, a patented variation of silicon-on-insulator (SOI)

ply Voltage
technology on a sapphire substrate, offering the perfognance ttlingtime
of GaAs with the economy and integration of conventi . des:
CMOS.
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The PE43703 is manufactured on Peregrine’s UltraCMOS™

rallel
cEd Parallel
ig¢-Addressable: Program up to
addresses 000 - 111

igh-attenuation state @ power-up (PUP)
e CTMOS Compatible
No DC blocking capacitors required

Figure 1. Package Type

32-lead 5x5x0.85 mm QFN Package

RF Output

11 17 77 (optional)

EXT

P/S Vss
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Table 1. Electrical Specifications: 0.25 dB steps @ +25°C, Vpp =3.3 V or 5.0 V, Vssegxr =-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 9kHz <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 9 kHz - 4 GHz deg
P1dB (note 1) Input 20 MHz - 4 GHz dBm
1IP3 Two tones at +18 dBm, 20 MHz spacing 20 MHz - 4 GHz dBm
Typical Spurious Value? | Vssexr 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 settled to within 0.0_5 dB of final value. us

RBW = 5 MHz, Averaging ON.

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

Performance Plots, 0.25 dB step
Figure 3. 0.25 dB Step Attenuation* 2
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Table 2. Electrical Specifications: 0.5 dB steps @ +25°C, Vpp =3.3 V or 5.0 V, 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 0-31.5 dB
Insertion Loss 9 kHz <5 GHz 2.0 2.6 dB

0 dB - 31.5 dB Attenuation settings 9 kHz <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 9 kHz - 5 GHz deg
P1dB (note 1) Input 20 MHz - 5 GHz dBm
1IP3 Two tones at +18 dBm, 20 MHz spacing 20 MHz - 5 GHz dBm
Typical Spurious Value? | Vssgxr grounded 1 MHz dBm
mVpp

ns

ns

us

Video Feed Through
Switching Time 50% DC CTRL to 10% / 90% RF
RF Trise/Tfall 10% / 90% RF
Settling Time RF settled to within 0.05 dB of final value.
9 RBW = 5 MHz, Averaging ON.
Notes: 1. Please note Maximum Operating Pin (50Q) of +23dBm as shown in Table 5.
2. To prevent negative voltage generator spurs, supply —2.7 volts to Vssgxr.
Performance Plots, 0.5 dB step

Figure 7. 0.5 dB Step Attenuation* r .5
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Table 3. Electrical Specifications: 1 dB steps @ +25°C, Vpp =3.3 V 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 9kHz <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 settings 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 -0.2-3% dB
Return Loss 9kHz -6 GHz dB
Relative Phase All States 9kHz -6 GHz deg
P1dB (note 1) Input 20 MHz - 6 GHz dBm
1IP3 Two tones at +18 dBm, 20 MHz spacing 20 MHz - 6 GHz dBm
Typical Spurious Value? | Vssexr 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
SetingTme | FEeled oyt 008 8 f nalvlve AN

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

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 Figure 22. Relative Phase Error vs.
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Figure 23. Attenuation Error @ 900 MHz
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Figure 27. Pin Configuration (Top View)

g. 0 ©
33560338063
O [ 1 [ [ [ 1) ) [
NC E CLK
Voo [2 : _________ h LE
PIS [3 : : A1
A0 [+ | Exposed | A2
GnD [5 | Solder pad : Vssexr
GND [6 : : GND
RF1 [T l__________l RF2
GND [& GND
[o] [1o] [ [r2
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 AO Address Bit AO connection
5 GND Ground
6 GND Ground
7 RF1 RF1 port
8-17 GND Ground
18 RF2 RF2 g
19 GND
20 Vssext N
21 \
22 ection N
23 terfaS@atch Eggble igput
24 erface Cloclgl p
25 terface D anpu
26 el control bi¥yl6 dB
27 Cs8 (D5 Parallel co ‘T“A 8 dB
28 C4 (D4 Parallel con it, 4 dB
29 C2 (D3 Par@iel contrgbbit, 2 dB
30 C1 (D2 “Eﬂ plicNgflrol bit, 1 dB
1) N rallel control bit, 0.5 dB
allel 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 CM
devices are immune t

the Vssgfr Qontrol pin
sare
v e

switch

ernal low spur neggye
icajgons thatgequireYge lowest
ce, V@5 can be applied to

olta§e generator to

itchj reqyen
703 Uum 25 kHz switching rate
SSEXTIS ndggl. Switching rate is defined to
be the sp icy’the DSA can be toggled across
es.

attenuati

Moi e Sehsitivity Level
oijire 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.

©2008-2009 Peregrine Semiconductor Corp. All rights reserved.
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Table 5. Operating Ranges

PE43703

Product Specification

Parameter Min Typ Max Units

Vpp 3.3 V Power Supply 30 33 36 Y
Voltage
Vpp 5.0 V Power Supply 45 5.0 5.5 Y
Voltage
Vssexr Negative Power Supply| ) )
Voltage' 3.0 2.7 2.4 \Y
Iop Power Supply Current 70 350 uA
Digital Input High 2.6 5.5 Vv
PN Input power (50Q):

9 kHz <20 MHz See fig. 28| dBm

20 MHz <6 GHz +23 dBm
Top Operating temperature B o
range 40 25 85 C
Digital Input Low 0 1 \
Digital Input Leakage 15 HA

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

4

25.0

20.0

15.0

Pin dBm

10.0

5.0

Table 6. Absolute Maximum Ratings

Symbol Parameter/Conditions Min Max Units
Vpp |Power supply voltage -0.3 6.0 \%
Vss External Negative Power
Vssexr Supply Voltage (optional) 4.0 0.3 v
\ Voltage on any Digital input 5.8 \%
Input power (50Q)
Pin See fig. 28 | dBm
+23 dBm
TST QC
Y ESD vo 500 \
ESD 100 v
Note: 1 M d 3015.7)
ay e
ould g restricted to
the limi eQ table. Operation

maximum fo i

0.0
1.0E+03

1.

07

1.0E+08

©2008-2009 Peregrine Semiconductor Corp. All rights reserved.
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Table 7. Control Voltage Table 10. Serial Address Word Truth Table
State Bias Condition Address Word Address
Low 0 to +1.0 Vdc at 2 pA (typ) (MAS7B) a6 |l as | asl as | a2 | a1 | ao Setting
High +2.6 to +5 Vdc at 10 pA (typ) X 000
X 001
X X 010
Table 8. Latch and Clock Specifications X X 011
Latch Enable Shift Clock Function X X
0 1 Shift Register Clocked X X
Contents of shift register X X
1 X transferred to attenuator core X X
Table 9. Parallel Truth Table Table
Parallel Control Setting Attenuation uation Word
Setting
D6 D5 D4 D3 D2 D1 DO RF1-RF2 D7 D4 D2 1 RF1-RF2
L L L L L L L Reference I.L. L L L L Reference I.L.
L L L L L L H 0.25dB L L L H 0.25dB
L L L L L H L 0.5dB L H L 0.5dB
L L L L H L L L L L 1dB
L L L H L L L L L L 2dB
L L H L L L L H L L L L 4 dB
H L L L L L L L L 8 dB
L L L L L L L L 16 dB
H H H H H H H H H 31.75dB

Table 12. Serial-Addré

MSB (last in) LSB (first in)
v
Q15 | Q14 Q4 Q3 Q2 Q1 Qo
A7 AG D4 D3 D2 D1 DO
~ g

-——
Address Attenuation Word

Attenuation Wo
at address 3:

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

: XXXXX011
jon Word: Multiply by 4 and convert to binary — 4 * 18.25 dB — 73 — 01001001
S&gal Input: XXXXX01101001001

Document No. 70-0245-05 | www.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 En;
(LE) line should be pulled HIGH. Changing
attenuation state control values will ch
state to new attenuation. Direct mg,
manual control of the device (usin
switches, or jumpers).

Serial-Addressable Intg

word is the
static (or prt

will remain unchanged.
example timing diagram for pro ing a state. It
is required that all paraligl controjinputs be
grounded when the ISysgf In serial-
addressable mod

terface is controlled using

three CM ffle signals: Serial-In (SI),
Clock ( tch Enable (LE). The Sl and
CLK inp OW 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 LOVMaagain, latching the
new data into the DSA. Ad Word and
Attenuation Word truth ta iséed in Table 10

i i ize {o the Tnafimum
ng (31.75 dB) on er- r both
ed-payllel modes of

isgetting until the user

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

p. In this mode, there is
the time the DSA is
the desired state is
S r-up delay, the device
¥the maximum attenuation setting
pRfore defaulting to the user defined

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 | UltraCMOS™ RFIC Solutions
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Figure 29. Serial-Addressable Timing Diagram

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

(:) D[7] must be set to logic low
DI[6:0] H E
T, To ] e
ADD[2:0] [l vaLip
| T
PIS q«
Trso—
si ol X or X ow X ow Y ot X oel T om ) a0 ) A ARl

CLK

LE

DO[6:0] [

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

P/S ﬂ E

T, > -, >

DI[6:0]

T
LE -
<—TLEPVY—>
DO[60] VALID
]

Ty
Ty pp—P
Table 13. Serial-Addressable | TaRle 14. Parallel and Direct Interface
AC Characteriggi AC Characteristics
Voo =3.30r5.0V, -40°C < 85° SS e spe '\ =3.30r5.0V, -40° C < T < 85° C, unless otherwise specified
Symbol Param Max | U Symbol Parameter Min | Max | Unit
Fowk Serial cl uenc 10 T Latch Enable minimum 30 i ns
Tokn | Seri C e 0 ns LEPW pulse width
Tewke S clock LOW ti 30 - ns Toisu Parallel data setup time 100 - ns
L erial clock risin ge i -
Tiesy ce me 1o Latch o T ns Tom Parallel data hold time 100 ns
risin © Trssu Parallel/Serial setup time 100 - ns
Tieew | Latch En - pulse - ns Tesin Parallel/Serial hold time 100 | - ns
Tsisu Serial data setup time - ns Diaital reqistor del
Tsin Serial data hold tirg 10 - ns Tep (irl]Stile;al'Sgls er delay - 10 ns
Toisu Parallel data sg 100 - ns T Digital register delay
Tom Parallel da 100 - ns DIPD (internal, direct mode only) ) 5 ns
Tasu 100 - ns
Tan 100 - ns
Tessu tup time 100 - ns
al hold time 100 - ns
gital register delay (internal) - 10 ns
Document No. 70-0245-05 | www.psemi.com ©2008-2009 Peregrine Semiconductor Corp. All rights reserved.
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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.

Direct-Parallel Programming Procedure —
For automated direct-parallel programming, my :
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-
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
automatically programs the DSA each time an
attenuation state is enabled or disabled.

gramgring Procedure
For manual direct-parallel programming, gl (P/S) select switch to
disconnect the test harness provided with thg [ itidn. Prior to
from the J1 and Serial header pins. Positio ' must define an address
Parallel/Serial (P/S) select switch to the Para header pin. Jump the
left) position. The LE pin on the Seri Bn the ADD header AO-A2 (or lower)
§ set logic high, or jump the middle
e upper row of pins to set logic low. If
ins are left open, then 000 become the
t address. The evaluation software is
itten to operate the DSA in either Parallel or

\ Serial-Addressable Mode. Ensure that the

software is set to program in Serial-Addressable
mode. Using the software, enable or disable each
setting to the desired attenuation state. The
software automatically programs the DSA each
time an attenuation state is enabled or disabled.

which enable the user to manual
parallel bits. When any input DO
‘UP’, logic high is presenteddo the
When toggled ‘DOWN’, [

ramfhing, the
procedure is id€ | method.
The user only must ensure t ed-Parallel is

selected in the software.
For manual latch gramming, the

procedure is id o direct-parallel except now
header must be logic low

applied. The user must then

Vpp and back to OV to latch the

low prior tgrogramming 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
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Pin 1

@

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 ing
the pocket to the top surface of the car
6. Pocket position relative to sprocket
true position of pocket, not pocket hole.

Top of
Device

i ottom of

Device Orientation in Tape

YYWW = Date Code
27777 = Last five digits of Lot Number

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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