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SIEMENS

Mixer/Amplifier

Version 1.2
1 Overview
1.1 Functional Description, Benefits

New B6HF bipolar technology, 25GHz f;
Small outline P-TSSOP 16 package
Reduced external components
Frequency range up to 3.0GHz
Amplifier may be used as LNA or Driver
LNA mode

1.7dB typ. noise figure at 1.8GHz

*5mA typ. current consumption

Driver mode
* +12dBm output at 1dB compression
* 20mA current consumption

Gilbert cell mixer with high gain
2.7 - 4.5V voltage supply

PMB 2333

Bipolar IC

=

P-TSSOP-16

-40°C to +85°C operational temperature range

Standby function

High isolation values for amplifier and mixer

Good crosstalk performance

1.2 Applications

Cellular radio systems
Cordless telephone systems
WLAN-Systems

Type Version

Ordering Code Rackage

PMB 2333 V1.2

Q67006-A6128 P-TSSOP-16

Semiconductor Group

09.97
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1.3 Pin Configuration

(top view)
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1.4 Pin Definitions and Functions

Pin No. Symbol Function

1 AREF Amplifier bias supply for signal input

2 Al Amplifier signal base input

3 GND1 Amplifier ground

4 GND1 Amplifier ground

5 MO Mixer signal open collector output

6 MOX Mixer signal open collector output

7 VCC Voltage supply total circuit

8 LOX Mixer local oscillator signal base input, inverted
9 LO Mixer local oscillator signal base input, not inverted
10 GND2 Mixer ground

11 Mi Mixer signal emitter input, not inverted

12 MIX Mixer signal emitter input, inverted

13 STB Standby mixer and bandgap

14 GND1 Amplifier ground

15 AO Amplifier signal open collector output

16 GC Amplifier gain control

Semiconductor Group 7 09.97
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1.5 Functional Block Diagram
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1.6 Circuit Description

MIXER

The mixer used in this design is a general purpose up-/down conversion gilbert cell
mixer. Via the pins MI/MIX the RF enters the IC. Using an external supplied local
oscillator at LO/LOX a converted output signal is created at the open collector output
pins MO/MOX. The open collector pins need to be connected to an external voltage
supply. The RF connection to the mixer inputs can be single ended on balanced,
capacitive or inductive. To improve the mixer performance external resistors at MI/MIX
make it possible to adjust the mixer current. Voltage supply for the mixer has to be
connected to the pin VCC and to GND2.

AMPLIFIER

The amplifier may be used as a low noise amplifier LNA or as a driver. At pin Al the RF
signal enters the IC, at the open collector output AO, which need to be connected to
supply voltage, the amplified signal is external available for further use. Matching
networks at in-/and output can be used for improving the gain and the noise
performance. To reduce the series feedback of the emitter line the amplifier is connected
to ground via three GND1 pins. At AREF a internal supplied reference voltage is
available for the DC biasing of Al. This dc output should be implemented in an input
matching network. The voltage supply for the amplifier is also VCC. The dc-level at the
pin GC allows to adjust the amplifier current.

Lower current is recommended for using the amplifier as an LNA, high current for using
it as a driver.

COMMON

Differential signals and symmetrical circuits are used throughout the mixer part of the IC.
An internal bias driver generates supply voltage and temperature compensated
reference voltages. The STB pin allows the mixer and bandgap part of the IC to be
switched in a low power mode.

All pins with the exception of GND1,2 and Al/AO are ESD protected.

Semiconductor Group 9 09.97
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2 Electrical Characteristics

2.1 Absolute Maximum Ratings

The maximum ratings may not be exceeded under any circumstances, not even
momentarily and individually, as permanent damage to the IC will result.

Ambient temperature T, = -40°C...+85°C

#  Parameter Symbol Limit Values Units  Remarks
Min Max
1 Supply Voltage Vg -0.3 5.0 \%
2a | Input Voltage Vvimix -0.3 1.9 \Y, Vg=0
2b | Input Voltage V., o/Lox 0.6 Vs+0.3 \%
5.0max. |V
2c | Input Voltage V| -0.3 Vpot0.3 |V
3.5max. |V
2d | Input Voltage (AC Peak) Vai -2 \ Freq.>1MHz
[ o < NA
2e | Input Voltage Vac -0.3 Vs+0.3 \Y,
2.7max. |V
2f | Input Voltage VsTg -0.3 Vs+0.3 \%
5.0max. |V
3a | Output Voltage VAREE -0.3 2.0 \%
3b | Open Collector Output Voltage | Vyomox | 1.7 Vs+0.3 \Y,
5.0max. |V
3c | Open Collector Output Voltage | Vao -0.3 3.5 Y Base open
3d | Open Collector Output Voltage | Vao -0.3 7.0 \% Rp<50kQ
4a | Amplifier Current (Collector) a0 30 mA
4b | Amplifier Current (Base, Peak) | la 6.0 mA DC and AC
4c | Amplifier Power Dissipation P amptot 105 mw
Differential Input Voltage Viper 2.0 Vpp
Junction Temperature T 125 °C

Semiconductor Group 10 09.97
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Absolute Maximum Ratings

The maximum ratings may not be exceeded under any circumstances, not even
momentarily and individually, as permanent damage to the IC will result.

Ambient temperature T, = -40°C...+85°C

#  Parameter Symbol Limit Values Units  Remarks
Min Max
7 Storage Temperature Ts -40 125 °C
8a |Thermal Resistance Ria 213 KIW o
8b | Thermal Resistance RthSO 160 KIW 2)
9 | ESD integrity, all pins without | Vesp -500 500 v 3)
Al,AO and GND1/2

1) Attention: Do not exceed the max. junction temperature
2) Junction to soldering point, simulated with FEM

3) HBM according MIL STD 883D, method 3015.7,and EOS/ESD assn. standard
S5.1-1993

Semiconductor Group 11 09.97
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2.2 Operational Range

Within the operational range the IC operates as described in the circuit description.
The AC/DC characteristic limits are not guaranteed.

Supply voltage Vycc = 2.7V...4.5V, Ambient temperature T,,, = -40°C...85°C

# | Parameter Symbol Limit Values Units  Remarks
Min Max

1 Al Input Frequency fal 3000 MHz

2 MI/X Input Frequency fmi 3000 MHz

3 LO/X Input Frequency flo 3000 MHz

4 IF Intermediate Frequency fie 3000 MHz

5 Standby Voltage On STByn 2.0 Vs Vv

6 Standby Voltage Off STByer 0 0.5 V

7 Gain Control Voltage, High GGign 2.0 2.7 \Y, Diagram 5

8 Gain Control Voltage, Low GCow 0 0.6 Y Diagram 5

Note: Power levels refer to 50 Ohms impedance

Semiconductor Group 12 09.97
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2.3

AC/DC Characteristics

AC/DC characteristics involve the spread of values guaranteed within the specified
supply voltage and ambient temperature range. Typical characteristics are the median
of the production.

Supply voltage V¢ =2.7V...4.5V, Ambient temperature T,,,, = +25°C

# | Parameter Symbol | LimitValues Units Test Test
Min |Typ |Max Conditions | Circuit
Supply Current
la | Supply current, total IC | I567.15 23.6 mA STB ON, 1,
no external In0=20
resistors at mA
MI/MIX*
1b | Supply current, total IC | I557 15 1.6 mA STB ON, 1,
no external In0=0
resistors at mA
MI/MIX*
2 Supply current, total IC | I567.15 <20 HA STB OFF, 1
GC=0V
* Minimum value for external resistors at MI/MIX: R1=R2=330hm
Semiconductor Group 13 09.97
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AC/DC Characteristics

AC/DC characteristics involve the spread of values guaranteed within the specified
supply voltage and ambient temperature range. Typical characteristics are the median
of the production.

Supply voltage Vycc = 2.7V to 4.5V, Ambient temperature T,,,, = +25°

# Parameter Symbol | Limit Values Unit Test Test
Min | Typ |Max Conditions | Circuit

AMPLIFIER-Driver, Signal Input Al, | ,0=20mA, V po=3.3V, f=2.5GHz

3 Input impedance, vs. freq. | S;; Diagram 3a

4 Max. input level, 1db Pa 0.0 dbm | f=2.5GHz
compression

5 Input intercept, third order | lICPppy, 10.0 dbm | f=2.5GHz 1

AMPLIFIER-Driver, Signal Output AO, | ,0=20mA, V po=3.3V, f=2.5GHz

6 Output current a0 20.0 mA

7 Output impedance vs.|S,, Diagram 3a |3
freq.

8 Power gain S1amp +12.5 db f=2.5GHz 1

AMPLIFIER-Driver, Signal Input Al, | ,o=0mA, V 5o=3.3V, f=2.5GHz

9 Input impedance, vs. freq. | S; Diagram 3c |3

10 |Max. input level, 1db| Py 0.0 dbm | f=2.5GHz 1
change

11 | Inputintercept, third order | [ICPy, 20.0 dbm | f=2.5GHz 1

AMPLIFIER-Driver, Signal Output AO, | ,0=0mA, V 55=3.3V, f=2.5GHz

12 | Output current la0 0 mA

13 |Output impedance Vvs.|Sy Diagram 3c
freq.

14 | Power gain S1amp <-13 db f=2.5GHz 1

All amplifier measurements have be done with Siemens RT5880 Duroid (Teflon) Boards

Semiconductor Group
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AC/DC Characteristics

AC/DC characteristics involve the spread of values guaranteed within the specified
supply voltage and ambient temperature range. Typical characteristics are the median
of the production.

Supply voltage Vycc = 2.7V to 4.5V, Ambient temperature T,,,, = +25°

# | Parameter Symbol | LimitValues Unit Test Test
Min | Typ |Max Conditions | Circuit

AMPLIFIER-LNA, Signal Input Al, 1,0=5mA, V 5o=3.3V, f=1.8GHz

15 | Input impedance, vs. freq. | Sy Diagram 3b |3

16 | Max.input level, 1dB Pa -12.0 dBm |f=1.8GHz
compression

17 | Input intercept, third order | lICPy, 1.0 dBm |f=1.8GHz 1

18 | Noise figure Fai 1.7 dB f=1.8GHz 1

AMPLIFIER-LNA, Signal Output AO, [,,=5MA, V 55=3.3V, f=1.8GHz

19 | Output current a0 5.0 mA

20 | Outputimpedancevs.freq. | S, Diagram 3b |3

21 | Power gain Sina 12.0 dB f=1.8GHz

AMPLIFIER-LNA, Signal Input Al, I ,0=0mA, V 5o=3.3V, f=1.8GHz

22 | Input impedance, vs. freq. | S Diagram 3c | 3

23 | Max. input level, 1db Pa 0.0 dbm | f=1.8GHz
change

23 | Input intercept, third order | [ICPy, 20.0 dbm |f=1.8GHz 1

AMPLIFIER-LNA, Signal Output AO, | ,,=0mA, V 5o=3.3V, f=1.8GHz

24 | Output current la0 0 mA

25 | Outputimpedance vs. freq. | S, Diagram 3¢ |3

26 | Power gain Sia <-17 db f=1.8GHz

All LNA measurements have be done with Siemens RT5880 Duroid (Teflon) Boards

Semiconductor Group
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SIEMENS

AC/DC Characteristics

AC/DC characteristics involve the spread of values guaranteed within the specified
supply voltage and ambient temperature range. Typical characteristics are the median

of the production.

Supply voltage Vycc = 2.7V to 4.5V, Ambient temperature T,,,, = +25°

# | Parameter Symbol | Limit Values Unit Test Test
Min | Typ |Max Conditions | Circuit
MIXER, Signal Input MI/MIX, Upconversion, R1,2=330hm
27 | Inputimpedance vs .freq. | Zy, Diagram 4a |4
28 | Max. input level, 1 db Pwi -7 dbm |f,,=0.66GHz |1*
compression
29 | Input intercept point [ICP3y, 6 dbm |fy,=0.66GHz | 1*
MIXER, Local Oscillator Input LO/LOX, Upconversion, R1,2=330hm
30 | Inputimpedance vs freq. | Zo Diagram 4c |4
31 | Input level Po 0 dbm |f o,=2.0GHz |1*
MIXER, Signal Output MO/MOX, f ,,; = 2.66GHz, Upconversion, R1,2=330hm
32 | Output current IMmorx 10.4 mA | with ext. 1*
resistors
at MI/MIX
33 | Output resistance Ruviobift 600 Oohm | fyo=2.66GHz
34 | Output capacitance Cuviobii 0.57 pF fuo=2.66GHz
35 | Power gain Pwi 8 db fwo=2.66GHz | 1*
MIXER, Isolation Between In-/Output, f ,,; = 2.66GHz, Upconversion, R1,2=330hm
37 |LOtoMO ALomo 30 db 1*
38 |LOto Ml Ao 35 db 1*
39 | MO to M Avo-mi 40 db 1*
40 |MOtoLO Avo-Lo 45 db 1*
* MI/MO Input/Output including matching network
Semiconductor Group 16 09.97
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AC/DC Characteristics

AC/DC characteristics involve the spread of values guaranteed within the specified
supply voltage and ambient temperature range. Typical characteristics are the median
of the production.

Supply voltage Vycc = 2.7V to 4.5V, Ambient temperature T,,,, = +25°

# | Parameter Symbol Limit Values  Unit Test Test
Min | Typ |Max Conditions | Circuit
MIXER, Signal Input MI/MIX, Downconversion, R1,2=1800hm
41 | Input impedance vs .freq. | Zy, Diagram 4b |4
42 | Max. input level, 1 db|Py, -15 dBm | f=0.9GHz 2a
compression
43 | at MO/MOX, IF=45MHz | Py, -14 dBm |f=1.8GHz 2a
44 P 9 dBm |f=25GHz | 2a
45 | Input intercept point, ICP3y, 0 dBm | f=0.9GHz 2a
46 | Af=800kHz, IF= 45MHz | IICP3,, 1 dBm |f=1.8GHz |2a
47 IICP3,, +5 dBm |f=25GHz | 2a
48 | Blocking level, Pin,unwan. -16 dBm | f=0.9GHz 2a
49 | Af=800kHz, IF=45MHz | Pg, unwan. 16 dBm |f=1.8GHz | 2a
50 | Py, wanted =-20dBm | Pg, unwan. 110 dBm |f=25GHz | 2a
51 | Noise figure, ssb Fui 9 dB f=0.9GHz *
‘52 | (NFssb=NFdsb+3dB) Fun 1 dB | f=1.8GHz |*
53 | IF=45MHz Fun 14 dB | f=25GHz | *

MIXER, Local Oscillator Input LO/LOX, Downconversion, R1,2=1800hm

54 | Input impedance vs freq. | Z o Diagram4d |4

55 | Input level PLo -3 dBm | f=0.9GHz 2a, **
56 | Pio 3 dBm |f=1.8GHz | 2a, **
57 Pio 3 dBm | f=2.5GHz | 2a,**

* matching network used

** referenced for specified mixer performance

Semiconductor Group 17 09.97
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AC/DC Characteristics

AC/DC characteristics involve the spread of values guaranteed within the specified
supply voltage and ambient temperature range. Typical characteristics are the median
of the production.

Supply voltage Vycc = 2.7V to 4.5V, Ambient temperature T,,,, = +25°

# Parameter Symbol | Limit Values Unit Test Test
Min | Typ |Max Conditions | Circuit
MIXER, Signal Output MO/MOX, Downconversion, R1,2=1800hm
58 | Output current Imo+MOox 4.0 mA incl. R1,R2
59 | Output resistance Ruviopit 32 kOhm | IF=45MHz 2a
60 | Ryopi 25 kOhm | IF=300MHz | 2b
61 | Output capacitance Cwmopift 0.36 pF IF=45MHz 2a
62 | Cuioni 0.39 pF | IF=300MHz | 2b
63 | Power gain, IF=45MHz | Py, 15 db f=0.9GHz 2a
64 | Pui 14 db  |f=1.8GHz |2a
65 | Pun 9 db  |f=25GHz |2a
66 | Power gain, IF=300MHz | Py, 7 db f=0.9GHz 2b
67 | Pui 7 db  |f=1.8GHz | 2b
68 | Pun 25 db  |f=25GHz | 2b

MIXER, Isolation Between In-/Output, 0.9GHz, Downconversion, R1,2=1800hm

69 | Mlto MO Avi-mo 50 db fwi=945MHz, | 2a
fL 0=900MHz

70 |LOtoMO A o.mo 40 db “ 2a

71 | LOto Ml Ao 35 db “ 2a

72 | MOto Ml Aviowmi 60 db “ 2a

73 |MOtoLO Avio-Lo 60 db “ 2a

Semiconductor Group 18 09.97
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2.4 Test Circuits

Test Circuit 1

LO
Input

'

Toko-
Balun
1.2

Toko Balun
U=1:2 - 617DB-1016

&
L1
= ™
82nH
T n (Q\|
Co—= a
33 VCC < T z
Bias D_
Vee Tee PR
CgL~ AO Input
Vv R Output
GC <C 4+
BT
Mixer/Driver Amplifier, Upconversion mode
Test Circuit | f |g[MHZ] L1[nH] C1[pF] C2[pF] C3[pF] C «klpF]
1/Mi =660 8.2 4.7 56 10 15
1/MO =2660 2.7 1.8 1.2 1 X
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Test Circuit 2a

Toko Balun
U=1:1 - 617DB-1023
U=1:2 - 617DB-1016

C| | MO
180 —2
Output
MI o—» m I
InputI ;(;ll(l?n _{ (qp) LS Vogt
11 _{ CY) Transformer
’ N Kit, 0.05mm
ck| | 180 wire (i=20:2
Cr—1—
Veo gt QEJ
Bias
VCC Tee D— ' Al
CgL~ AO Input
Output
Vec -—r
Co
Mixer/Driver Amplifier, Downconversion mode
Test Circuit f \r[MHZ] CglpF] C k[pF] X X
2a 45 15/100 15 X X
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Test Circuit 2b

LO

Input
;)—I

Toko Balun
T

T U=1:1 - 617DB-1023

oko-

?;lun U=1:2 - 617DB-1016

C| |
180
M ff__ﬁl.-> Toko __4 (\f) MO
Input Balun m I Output
H 11 —{ &)
Ck I 180 m
CB__I'_
VCC < _‘.l_ 2
v Bias (:1_ Al
T
cc °e g Input
CgL~ AO
Output
Vec -—o
o= 16

Mixer/Driver Amplifier, Downconversion mode

Test f|g[MHz] | LO[nH] |L1i[nH] |C1i[pF] [C2[pF] €3[pF] ¢ [pF]
Circuit

\

2b =300 680 150 2.7 12 1.8 15p
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Test Circuit 3

Port 1

Network analyzer
ZL=500hm

Port 2

DUT

S-Parameter Measurement of Amplifier
S11, S12, S21, S22

The S-Parameters are tested at the indicated frequency on Duroid 5880 Teflon Boards.

Via the NWA the capacitive coupling is done.

The output levels at portl and 2 for pin x and y are -30dbm.

S11 and S22 have to be considered as design hints and are measured with SIEMENS

testboards.
Test Test frequency Pin X PinY
MHz
Amp.S11, S12, S21, 30 - 3000 Al AO
S22
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Diagram 3a
S-Parameter Amplifier | ,o=20mA, V =3.3V, f=30-3000MHz
0r 24GHz g
306H: '
18GHz 1
0 . | \24cH = 5 A
N
900 MHz
s21
40
S21
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Diagram3b
S-Parameter Amplifier | po=5mA, V -=3.3V, f=30-3000MHz
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S-Parameter Amplifier | p,o=0mA, V -=3.3V, f=30-3000MHz

30 GHz
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Diagram 3d
Noise Circles Amplifier I po=5mA, V :=3.3V;f=0.9GHz

CORG ]

AR AW

o “\"“:““\I‘“
<

NSNS ‘
AR

o\ge!

S

\“‘“ -
o

[/ ]
..IIEIIIi
I\

T llu=
g
NN

HENY
s
EAVEAE

FM|N = 1.055dB
R, = 10.17Q
GOPT =16.01mS
Bopr = -2.36mS

Mopt = 0.128 exp(j 34.4°)
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Diagram 3e
Noise Circles Amplifier I po=5mA, V:=3.3V;f=1.8GHz

!
TN
O NS
SN N
o\ g,
.

!

o

S N
Sesh gl Ing]
s

FM|N =1.278dB
R, = 7.520
GOPT: 21.54mS
BOPT: -1.59mS

opt = 0.053 exp(j 136.2°)
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Test Circuit 4

— Pin x
Q Port 1
s _ u
= DUT
4
= O _»l 1
g 8 ! Port 2 —
© ||_j Piny
Z N
S-Parameter Measurement of Mixer
S11, S12, S21, S22
Test Test Frequency Pin X PinY
[MHZz]
LO-Input impedance 30 - 3000 8 9
Mi-Input impedance 30 - 3000 11 12
MO-Output impedance 30 - 3000 5 6

The S-Parameters are tested at the indicated frequency and the equivalent parallel or
series circuit is calculated on this base.

Via the NWA the capacitive coupling is done and the open collector pins are connected
to VCC. The output levels at portl and 2 for pin x and y are -30dbm for MI and MO-
impedances and -5dbm for the LO impedance.S-Parameters have to be considered as
design hints and are measured with SIEMENS testboards.
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Test Circuit 4a
R DC
Supply
I I
P1 Vg STB ? 500
<—II—}——O M MO P
NWA DUT o
<+ —O MIX MOX % | 500
P2
LO LOX
1 _|33p J_33p
R |
il Supply
50Q k
Mixer Input Impedance Measurement
Test Circuit 4b
DC
Supply 15n
I I
R Vg STB
. 10p 1pH 5,6p
0‘ : f——]wi MO ¢ +— I -
>00 }% DUT T 5.6p S0
|_ : I} MIX MOX 1
10 680nH
1:1 P R Lo LOX A T 5.6p
T H
15n
P2
O
NWA
O >
P1
Mixer Local Oscilllator Impedance Measurement
29 09.97
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Test Circuit 4c
L L I
10p InT100nT
Internal
50Q Vg STB Bias Tees
P1
. L M MO O I
e DUT NWA
11
500 [ MIX MOX (32— >
LO LOX
|33p J_33p
L] Power
1.2 | - -=--- Supply
| 3.3V
i
50Q k
Mixer Output Impedance Measurement
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Diagram 4a
Mixer MI Input Impedance Z ;, lwomox = 10mA, f=30-3000MHz

Diagram 4b
Mixer MI Input Impedance Z y;, lyomox = 4mMA, f=30-3000MHz
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Diagram 4c
Mixer LO Input Impedance Z | o, lyomox = 10mA, f=30-3000MHz

Diagram 4d
Mixer LO Input Impedance Z | g, lyomox = 4MA, f=30-3000MHz
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Diagram 5
30 r 20
2 | /16
20 | a 16
o F \ //
% 15 | gain ~ 14
o : /
S 10 ¢ 12 —
2% N\ |uf
ki /[~ L - o
S 9 : / // noisefigurei g =
£ 5| // 16
2 .10 / / lao 14
15 | , 12
20 E : ‘ 0
1.5 2 2.5
Vac [V]

Gain, Noise Figure and | g versus Gain Control voltage
Noise Figure values without correction of attenuation ( 0.4 dB ) at input of the

amplifier ->NF ,;,=1.7dB at V 5c=1.91V, amplifier current | ,o=5mA, open collector
voltage V 5o=3.3V (according test circuit 2, f=1.8GHz).
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3 Application Data
3.1 Receiver Application
3.1.1  Shortform Data

Measurement conditions

Ambient temperature T = 25 °C

Supply voltage Vg = 2.7 V

LNA and Mixer input signal frg = 1960 MHZz, Prg = -30 dBm

LO signal f o = 1735 MHz, P| o = -6 dBm

IF output fz = 225 MHz

All measurements refer to SMA connectors without consideration of PCB losses

Parameter Symbol Limit values Unit Remarks
min.  |typ. max.
Mixer section
Mixer current IMixer 4 mA Ivot!mox
Conversion gain | G¢ 8.5 dB
Noise Figure NFpsp 6.4 dB
(DSB)
3rd order input IICP3 +1 dBm
intercept point
1dB-compression |Pq4p -8 dBm
point
Input blocking PeL -7 dBm Af =800 kHz, -3dB
level for wanted signal
Port matching
RF return loss 1S11 R 12 dB
LO return loss 1S11 Lol 10 dB
IF return loss 1S11,1Fl 11 dB
Isolations
LO to IF output Ao 40 dB f=1735 MHz
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Measurement conditions

Ambient temperature T = 25 °C

Supply voltage Vg = 2.7 V
LNA and Mixer input signal frg = 1960 MHZz, Prg = -30 dBm
LO signal f o = 1735 MHz, P| o = -6 dBm
IF output fiz = 225 MHz
All measurements refer to SMA connectors without consideration of PCB losses

Parameter Symbol Limit values Unit Remarks
min.  |typ. max.
LO to RF input AL ORF 43 dB flo = 1735 MHz
25 dB fimage,min= 1480 MHz
35 dB fsignal,max= 1990 MHz

RF inputto LO ARE.LO 48 dB f=1960 MHz

LNA section

LNA current TN 4.6 mA

Gain G 12.5 dB

Noise Figure NF 1.8 dB assuming a PCB loss
of 0.25 dB at Al,
typical noise figure at
matching circuit
results to 1.55 dB

3rd order input IICP3 0 dBm

intercept point

1dB-compression |Pq4g -10 dBm

point

Al return loss 1S11. Al 11 dB

AO return loss 1S11 20l 14 dB
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3.1.2 Measurement results

Mixer section

12 N \_/\
11 v"\’\
10 |
- A Conversion Gain
9 | f\:\i{: PN

[dB]
(o]
N

N Ny My AN

/ \‘W\/\/\N/N YN
° // DSB Noise Figure
5 F

4
1200 1400 1600 1800 2000 2200 2400
RF frequency [MHz]

Figure 1: Conversion Gain an Noise Figure versus Frequency

lo | ‘ ‘
9 \ Conversion Gain
\ ,_/_—/ -
\(/
8 | \
g}
\ -
6
DSB Noise Figure
5 |
4L

-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0
LO power level [dBm]

Figure 2: Conversion Gain and Noise Figure versus LO power
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il T
[ Conversion Gain
10 : N //
8 i //_\\
- ~_| f />( DSB Noise Figure
E. 6
4 | \
2 \\
0 [ LN
200 205 210 215 220 225 230 235 240 245 250

frequency [MHZz]

Figure 3: Conversion Gain and Noise Figure versus IF frequency

Or
-10 |
20 |
230 |
-40 \" ——fully balanced
5 —— LO unbalanced
-50 I - -~ Ml unbalanced
------ LO+MI unbalanced
60 L
1000 1500 2000 2500
frequency [MHZ]

Figure 4: Isolation LO to IF

3000

In unbalanced case the matching network is replaced by a 10pF series capacitor to one
port pin. The other port pin is tied to ground via a second 10pF capacitor. This means no

power matching is done.
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B \
[ \
-30 : \ v I,'
35 | \‘\U,’ ///\/J LO+MI unbalanced| |
i \ /\—- ——fully balanced
-40 [ --- Ml unbalanced

-45 \V/ —— LO unbalanced
-50
1000 1500 2000 2500 3000

frequency [MHZ]

Figure 5: Isolation LO to RF

...... LO+MI unbalanced | |
— fully balanced

W —--— Ml unbalanced
\,/y —— LO unbalanced
70 L—u —
1000 1500 2000 2500 3000

frequency [MHz]

Figure 6: Isolation RF to LO
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LNA section
16 13
15 H 2.8
| Gain f
14 :\ 1 26
13 \ 24 7
[ ] ©
m12 | N 22 o
S AN 1, 5
cll | g
8 10 \\ .AAAVAVAVP \\\ | 1.8 :(;
g ] S
° - \\ Noise Figure \ | 16 =
8 | AT~ \ | 14
7| 1.2
6 L 1
1000 1500 2000 2500 3000

frequency [MHZz]

Figure 7: Gain and noise figure versus frequency

i |Sll| |Szz|
10 |

-15 |

?
|

20 |
7__\,*—/—/ |SlZ| \
25 |

30 L
1000 1500 2000 2500 3000
frequency [MHz]

Figure 8: Reverse isolation and return loss versus frequency
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3.1.3  Application hint - Mixer metrics versus mixer current

Mixer current may be increased to obtain a higher Input 3rd Order Intercept (1IP3), higher
1 dB Compression Point (P1dB), and increased Conversion Gain (G). In a typical
application, in order to increase mixer current from the minimum level of 800pA, R5 and
R6 are added as shown in the circuit diagram at the end of this section. These external
resistors are placed in parallel to existing bias resistors internal to the PMB2333, thereby
reducing the aggregate resistance in the emitters and increasing current. As current is
increased by further reduction of the value of R5 and R6, the mixer inputs Ml and MIX
may begin to suffer ‘RF Loading’ unless RF chokes are used between the MI/MIX pins
and R5 / R6 (compare test circuit 1).

For the data presented in this section, mixer current was varied in a different manner.
To eliminate the effects of RF impedance variation (due to ‘RF Loading’) at Ml / MIX
caused by changing the values of R5 and R6 for different mixer currents, these resistors
were set equal to 1kQ. Mixer current was then varied by adjusting the power supply
voltage Vx. Note that Vx may take on positive values with respect to ground for low (e.g.
1mA) mixer currents, or negative values for higher currents.

M 1 pF
T " )
PMB 2333
mixer MIX % 3.9nH
L
1k 1k 2.2 pF
Hu)—HH
+ - 10 pF

Figure 9: Modified mixer input circuitry
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Note that the mixer input impedance seen at Ml / MIX is a strong function of mixer
current. The mixer input balanced-to-unbalanced transformer/matching circuitry was
originally tuned for a current of 4mA, and was not re-optimized for each of the other
current levels. Despite this limitation, the return loss at the 50Q port is better than 10dB
over the entire 1 to 10 mA current range. The mixer output (MO / MOX) and local
oscillator (LO / LOX) ports exhibit negligible change in impedance over this same current
range.

Measurement conditions: T, =25°C
Vce = 2.7V and 4.5V
fre = 1960 MHz
fLo=1735MHz, P 5 =-6 dBm

The Effect of Power Supply Voltage on Mixer Metrics

In seeking to improve Mixer Input Third-Order Intercept and 1dB Compression Point, it
is important to understand the constraints on these parameters imposed by power
supply voltage. Refer to Figure 10.

Receiver ‘Blocking’ is predominantly influenced by the Mixer's 1 dB Compression Point
(P1dB) and not the Input 3rd Order Intercept Point (1IP3). For a supply voltage of 4.5V,
mixer P1dB (referred to the input of the application circuitry) increases with additional
mixer current, and begins to flatten out above 8mA. When supply voltage is decreased
to 2.7V, mixer P1dB starts flattening out at around 5mA.

Note how, at the 2.7V supply voltage, 1IP3 continues to increase at currents over

6mA while P1dB flattens out.  For a given conversion gain G, while operating at 2.7
Volts, considering only the mixer’'s Input 3rd Order Intercept (IIP3) might lead one to
falsely conclude that increasing current beyond 6mA improves receiver blocking. If,
however, conversion gain is decreased, it may be possible to improve the receiver's
blocking level with additional mixer current.

As shown in Figure 10, the 1 dB compression level, referred to the input, is limited by
either current or the available voltage swing at the mixer output. The transition between
these two regions takes place at 4mA for the specified conversion gain and supply
voltage.

Figure 11 gives the DSB mixer noise figure versus the mixer current.
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15

10 |

ag]/ © |

[dBm]

15

210 |

Mixer Current [mAl

/‘/H /—||CP3
1 = P1dB/ 2.7V
/ e
/ ~ P1dB/ 4.5V
P
2 4 6 8 10 12

Figure 10: Mixer Input Intercept Point (1IP3), 1 dB Compression Point (P1dB) Re-
ferred to Input, Gain (G).

10 [

DSB Noise Figure [dB]

6

mixer current [mA]

Figure 11: Mixer DSB Noise Figure
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PCB dimensions: 80 x 50 mm
Substrate material: FR4 Substrate height: 0.8 mm

m
&

STEMENS

N
I
>
LN
o
P
—

PMB 2333

receiver app.
Rev 1.3 / sth 13.02.96

an 28
N,

P33ADCSZ. g8 (Jun. 17, 19963 (14:57) (SIEMENS) SCALE: 200% Eé?gTED
Drill Ref Pnt: ©0.000, ©. 000 (mm)

Figure 13: PCB top side
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Drill Ref Pnt: 80.010, ©.000 (mm)

Figure 14: PCB bottom side
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Figure 15: PCB component placement
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List of Components
Iltem |Quantity Reference alue Rart
1 3 C9, C17, 1.0 pF SMD/0603
Cc23
2 1 C6 1.5 pF SMD/0603
3 1 C8 1.8 pF SMD/0603
4 1 C16 2.2 pF SMD/0603
5 1 C7 2.7 pF SMD/0603
6 1 C22 4.7 pF SMD/0603
7 10 C3, C5, 10 pF SMD/0603
C10, C11,
C12, C13,
C14, C15,
C18, C19
8 1 C2 12 pF SMD/0603
9 1 C4 33 pF SMD/0603
10 1 C1 680 pF SMD/0603
11 1 C20 1.0 nF SMD/0603
12 1 Cc21 1uF SMD/A Tantalum
13 R1 0Q SMD/0603
14 R3,R5,R6 (180 Q SMD/0603
15 R4, R7 1.0 kQ SMD/0603
16 1 L6 3.3 nH SMD/0805 | Murata LQP21A or LQP11A
17 1 L4 3.9nH SMD/0805 |Murata LQP21A or LQP11A
18 1 L5 6.8 nH SMD/0805 |Murata LQP21A or LQP11A
19 1 L2 22 nH SMD/0805 | Coilcraft 0805
20 1 L1 82 nH SMD/0805 | Coilcraft 0805
21 1 L3 100 nH SMD/0805 | Coilcraft 0805
22 1 IC1 PMB 2333 | Siemens
23 1 J1 connector | Stocko MKS 1655-6-0-505
24 5 X1, X2, X3, | SMA Suhner 82 SMA 50-0-41 or
X4, X5 connector |Rosenberger 32 K 141-400A2
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3.2 Upconversion Application

3.2.1  Shortform Data

Measurement conditions

Ambient temperature T, = 25 °C

Supply voltage Vg = 2.7 V

Mixer input signal fz = 190 MHz, P\ = -30 dBm

LO signal f o = 1717 MHz, P, o = -6 dBm

Mixer output and driver amplifier input signal fxg = 1907 MHz

Parameter Symbol Limit values Unit Remarks
min.  |typ. max.

Mixer section

Mixer current IMixer 9.5 mA

Conversion gain |G 6 dB

3rd order input IICP3 +3.5 dBm

intercept point

1dB-compression |Py4g -7 dBm

point

Port matching

RF return loss 1S11 R 10 dB

LO return loss 1S11 Lol 18 dB

IF return loss 1S11,1Fl 20 dB

Isolations

RF to LO input ARE-LO 38 dB

LO to RF output  |A oRr 30 dB

Driver section

Driver current a0 11.0 mA 17mA @ 3.3V

Gain G 13.1 dB

3rd order input IICP3 +4.5 dBm

intercept point

1dB-compression |Pq4g -6 dBm

point
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Measurement conditions

Ambient temperature T = 25 °C

Supply voltage Vg = 2.7 V

Mixer input signal fz = 190 MHz, P\ = -30 dBm

LO signal f o = 1717 MHz, P, o = -6 dBm

Mixer output and driver amplifier input signal fgg = 1907 MHz

Parameter Symbol Limit values Unit Remarks
min.  |typ. max.

Al return loss 1S11. Al 14 dB

AO return loss 1S11 20l 12 dB

3.2.2 Measurement results

»

v
/ S

a1

A
N

gain [dB]
w

1800 1850 1900 1950 2000
frequency [MHz]

Figure 16: Mixer conversion gain versus frequency
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Figure 17: Driver amplifier gain, reverse isolation, return loss versus frequency

O |
-10 |
-20 N\
N / LO to RF
T 30 I \
0 m‘\ RF to LO
-50 ;‘/W!\,A\- A/‘///M M MM A A AI\AI\/\‘INM\
B AN
60 L .
1000 1500 2000 2500

frequency [MHz]

Figure 18: Mixer isolations versus frequency
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PCB dimensions: 80 x 50 mm
Substrate material: FR4 Substrate height: 0.8 mm

m
&
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M
an
N
[aa
>
a

upconversion app.

ULTIboard
PCE Design
1717 MHz

Rev 1.0 / sth 13.02.9%

D N

P33AUPC. g8 (Mar. 14, 18967 (15:04) (SIEMENSD SCALE: 200% gs%aéED
Drill Ref Pnt: 0.000, ©.0900 (inch)

Figure 20: PCB top side
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SIEMENS

=

ULTIboard
PCE Design

\45é3QUPC‘QZ (Mar. 14, 1996) (15:04) (SIEMENS) SCALE:! 200% gs%aéED R
Drill Ref Pnt: 3.150, ©.0900 (inch)

Figure 21: PCB bottom side
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Figure 22: Component placement top side
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ULT Iboard
PCB Design

D

E33QUPC.QI (Mar. 14, 1996) (15:99) (SIEMENS) SCALE: 200% éB%ﬁiED R
Drill Ref Pnt: 3.150, 8.000 (inch)

Figure 23: Component placement bottom side
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Upconversion Application - List of Components

Iltem |Quantity Reference alue Rart
1 1 C9 1.0 pF SMD/0603
2 1 C6 1.5 pF SMD/0603
3 1 C8 1.8 pF SMD/0603
4 1 C3 2.2 pF SMD/0603
5 1 C7 2.7 pF SMD/0603
6 2 C2,C4 3.3 pF SMD/0603
7 7 C1, C5, 10 pF SMD/0603
C11, C12,
C13, C14,
C15
8 1 C17 27 pF SMD/0603
9 1 C16 68 pF SMD/0603
10 3 C18,C19, |1.0nF SMD/0603
C20
11 1 Cc21 1.0 uF SMD/A Tantalum
12 2 J3,J4 0Q SMD/0603
13 1 R1 10 Q SMD/0603
14 1 R3 27 Q SMD/0603
15 2 R5, R6 33Q SMD/0603
16 2 R4, R7 1kQ SMD/0603
17 2 L1, L6 3.3nH SMD/0603 | Murata LQP11A
18 2 L4, L5 22 nH SMD/0805 | Coilcraft 0805
19 1 L3 33 nH SMD/0805 | Coilcraft 0805
20 1 IC1 PMB 2333 | Siemens
21 1 J1 connector | Stocko MKS 1655-6-0-505
22 5 X1, X2, X3, | SMA Suhner 82 SMA 50-0-41 or
X4, X5 connector |Rosenberger 32 K 141-400A2
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3.3 Receiver/SAW Application
3.3.1  Shortform Data

Measurement conditions

Ambient temperature T, = 25 °C

Supply voltage Vg = 3.6 V

LNA and Mixer input signal frg = 890 MHz, Pre = -40 dBm

LO signal f o =972 MHz, P o = -6 dBm

IF output fiz = 82 MHz

All measurements refer to SMA connectors without consideration of PCB losses

The figures in the mixer section are calculated from a measurement SAW filter + mixer
assuming an insertion loss of 3.1dB for the filter at measurement frequency (890MHz).

Parameter Symbol typ. Unit Remarks
Value

Mixer section

Mixer current Ivixer 10 mA ImotImox

Conversion gain Gc 4.5 dB

Noise Figure (SSB) NFsgp 12 dB

3rd order input intercept point ICP3 +6.5 dBm

input 1dB-compression point P1dB -3 dBm

LNA section

LNA current ILNA 17 mA

Gain GiNA 20 dB

Noise Figure NF 1.75 dB

3rd order input intercept point ICP3 0 dBm

input 1dB-compression point P1dB -11 dBm

Al return loss 1S11, Al 14 dB

AO return loss 1S11, Aol 15 dB
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Measurement conditions

Ambient temperature T = 25 °C

Supply voltage Vg = 3.6 V

LNA and Mixer input signal frg = 890 MHz, Pre = -40 dBm

LO signal f o =972 MHz, P o = -6 dBm

IF output fiz = 82 MHz

All measurements refer to SMA connectors without consideration of PCB losses

The figures in the mixer section are calculated from a measurement SAW filter + mixer
assuming an insertion loss of 3.1dB for the filter at measurement frequency (890MHz).

Parameter Symbol typ. Unit Remarks
Value

Cascade figures
LNA, resistive 3.1 dB pad (see
schematic), SAW filter, mixer

Cascade Gain G 18 dB
Cascade Noise Figure (SSB) NF 3.35 dB
3rd order input intercept point ICP3 -8 dBm
input 1dB-compression point P1dB -17 dBm
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3.3.2  System calculations

Due to the use of a SAW filter for mixer input matching and balancing an isolated
measurement of the mixer figures is not possible. The following system calculations
have valid entries only for the Gain, IP3, and Noise Figure. The input values are either
from extra measurements (e.g. SAW filter insertion loss) or adjusted to give a cascade
figure that can be measured (e.qg. filter+mixer IP3). All non-fat typeface figures have no
meaning.

LNA measurement

Hewlett-Packard NoiseCalc AppCAD
Fomet et
A1 24
Fomet et
Noise Figure (dB) 0.10 1.65
Gain (dB) -0.10 20.00
IP3 (dBm) 100.00 20.00
System Temp. (°C) 25.0 Reference Temperature (°C) 25.0
Input Power (dBm) -30.0 Noise Bandwidth (MHz) 1.00000
Pout (dBm) -30.1 -10.1
Cascade NF (dB) 1.75 Cascade Gain (dB) 19.90
Noise Temperature (°K) 143.9 Input Intercept Point (dBm) 0.1
Signal-to-Noise Ratio (dB) 82.2  Output Intercept Point (dBm) 20.0

Spur Free Dynamic Range (dB) 74.9 IM3 Output Level (dBm) -70.3
Nominal Detectable Sig (dBm) -112.2

1) PCBloss
2) PMB 2333 LNA
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SAW filter and Mixer

Hewlett-Packard NoiseCalc AppCAD
Fomet et
A1 24
Fomet et
Noise Figure (dB) 3.10 12.00
Gain (dB) -3.10 4.50
IP3 (dBm) 100.00 11.00
System Temp. (°C) 25.0 Reference Temperature (°C) 25.0
Input Power (dBm) -30.0 Noise Bandwidth (MHz) 1.00000
Pout (dBm) -33.1 -28.6
Cascade NF (dB) 15.10 Cascade Gain (dB)

Noise Temperature (°K) 9094.2  Input Intercept Point (dBm)
Signal-to-Noise Ratio (dB) 68.9  Output Intercept Point (dBm)

Spur Free Dynamic Range (dB) 72.3 IM3 Output Level (dBm) -107.8
Nominal Detectable Sig (dBm) -98.9

1) SAW filter S+M B4672
2) PMB 2333 Mixer

Overall figures

Hewlett-Packard NoiseCalc AppCAD
B o N A S
A l4-—] 2+ 3+ 4+ 5+-
+oot oot et At ot
Noise Figure (dB) 0.10 1.65 3.10 3.10 12.00

Gain (dB) -0.10 20.00 -3.10 -3.10 4.50

IP3 (dBm) 200.00 20.00 200.00 40.00 11.00

System Temp. (°C) 25.0 Reference Temperature (°C) 25.0
Input Power (dBm) -30.0 Noise Bandwidth (MHz) 1.00000
Pout (dBm) -30.1 -10.1 -13.2 -16.3 -11.8

Cascade NF (dB) 3.35 Cascade Gain (dB) 18.20

Noise Temperature (°K) 337.0 Input Intercept Point (dBm) -7.9
Signal-to-Noise Ratio (dB) 80.7  Output Intercept Point (dBm) 10.3
Spur Free Dynamic Range (dB) 68.5 IM3 Output Level (dBm) -55.9
Nominal Detectable Sig (dBm) -110.6

1) PCBloss

2) PMB 2333 LNA

3) Resistive pad, 3.1dB attenuation
4) SAW filter S+M B4672

5) PMB 2333 Mixer

Semiconductor Group 60

1.40
9.6
11.0

09.97



SIEMENS PMB 2333

3.3.3 Measurement results

Cascaded figure measurements

20 7 9
15 | 1/ I | 8
10 | {7
] | R
: 0 ANEVAN |2z
c - ] =
‘© -5 | 1 4 *
o [ gain / W*’ NE ] @
ol A NI
15 | e { 2
-20 | - image response 11
sl 1o
800 850 900 950 1000

frequency [MHZ]

Figure 24: Cascade gain, SSB noise figure versus frequency
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Figure 25: Cascade gain, SSB noise figure versus LO power
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Figure 26: Al input return loss versus frequency
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PCB dimensions: 80 x 50 mm
Substrate material: FR4 Substrate height: 0.8 mm
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ULTIboard
PCE Design

Rev 1.0 / sth 3.1.97

P33ARSAWCH. g8  (Jan . 7, 1997) (12:17) (SIEMENS) SCALE:! 200% iOTQTED

Drill Ref Pnt: 0.000, ©.0900 (inch)

Figure 28: PCB top side
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ULTIboard
PCE Design

P33ARSAWCH . g2z  (Jan. 7, 1997) (12:'17) (SIEMENS) SCALE:! 200% iOTQTED

Drill Ref Pnt: 3.150, ©.0900 (inch)

Figure 29: PCB bottom side
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Figure 30: PCB component placement top
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ULT Iboard
PCB Design

E33QRSQWCH.QI (Jan. 7, 1997) (12:21) (SIEMENS) SCALE:! 200% iOTQTED

Drill Ref Pnt: 3.150, 8.000 (inch)

Figure 31: PCB component placement bottom
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Receiver/SAW Application - List of Components

Iltem |Quantity Reference alue Rart
1 1 C9 1.8 pF SMD/0603
2 2 C8, C18 4.7 pF SMD/0603
3 2 C6, C7 5.6 pF SMD/0603
4 2 C2,C3 15 pF SMD/0603
5 1 C4 18 pF SMD/0603
6 2 Cl16,Cl17 |27 pF SMD/0603
7 8 C5, C10, 33 pF SMD/0603
C12, C14,
C15, C19,
C24,C25
8 2 C11, C20 1nF SMD/0603
9 1 C1 3.3nF SMD/0603
10 Cc21 1uF SMD/A Tantalum
11 1 J2 0Q SMD/0603
12 1 R1 27 Q SMD/0603
13 2 R5, R6 33Q SMD/0603
14 1 R3 56 Q SMD/0603
15 2 R4, R7 1.0 kQ SMD/0603
16 1 L1 3.3nH SMD/0603 | Toko LL1608-FH
17 1 L4 4.7 nH SMD/0603 |Toko LL1608-FH
18 1 L6 8.2nH SMD/0603 | Toko LL1608-FH
19 1 L5 33 nH SMD/0603 | Toko LL1608-FH
20 2 L3, L7 68 nH SMD/0805 |Toko LL1608-FH
21 3 L2,L8,L9 |100nH SMD/0805 |Toko LL1608-FH
22 1 IC1 PMB 2333 | Siemens
23 1 FIL1 B4672 S+M
24 1 J1 connector | Stocko MKS 1655-6-0-505
25 5 X1, X2, X3, | SMA Suhner 82 SMA 50-0-41 or
X4, X5 connector |Rosenberger 32 K 141-400A2
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4 Package Outlines

P-TSSOP-16
(Plastic Package)
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Index Marking

1) Does not include plastic or metal protrusion of 0.15 max. per side
2) Does not include dambar protrusion of 0.08 max. per side

Sorts of Packing
Package outlines for tubes, trays etc. are contained in our
Data Book “Package Information”.

SMD = Surface Mounted Device Dimensions in mm
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