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As far as patents or other rights of third parties 
are concerned, liability is only assumed for 
components, not for applications, processes 
and circuits implemented within components 
or assemblies.
The information describes the type of compo-
nent and shall not be considered as assured 
characteristics.
Terms of delivery and rights to change design 
reserved.
For questions on technology, delivery and pri-
ces please contact the Semiconductor Group 
Offices in Germany or the Siemens Compa-
nies and Representatives worldwide (see 
address list).
Due to technical requirements components 
may contain dangerous substances. For infor-
mation on the types in question please contact 
your nearest Siemens Office, Semiconductor 
Group.
Siemens AG is an approved CECC manufac-
turer.
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your nearest sales office. By agreement we 
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curred.
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Critical components1 of the Semiconductor 
Group of Siemens AG, may only be used in 
life-support devices or systems2 with the ex-
press written approval of the Semiconductor 
Group of Siemens AG.

1 A critical component is a component used 
in a life-support device or system whose 
failure can reasonably be expected to cau-
se the failure of that life-support device or 
system, or to affect its safety or effectiven-
ess of that device or system.

2 Life support devices or systems are inten-
ded (a) to be implanted in the human body, 
or (b) to support and/or maintain and sus-
tain human life. If they fail, it is reasonable 
to assume that the health of the user may 
be endangered.
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treffenden Typs ebenfalls über den Vertrieb 
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qualifizierten Produkten.
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Sie sich an Ihren für Sie zuständigen Vertrieb 
Halbleiter. Nach Rücksprache nehmen wir 
Verpackungsmaterial sortiert zurück. Die 
Transportkosten müssen Sie tragen.
Für Verpackungsmaterial, das unsortiert an 
uns zurückgeliefert wird oder für das wir keine 
Rücknahmepflicht haben, müssen wir Ihnen 
die anfallenden Kosten in Rechnung stellen.
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Kritische Bauelemente1 des Bereichs Halblei-
ter der Siemens AG dürfen nur mit ausdrückli-
cher schriftlicher Genehmigung des Bereichs 
Halbleiter der Siemens AG in lebenserhalten-
den Geräten oder Systemen2 eingesetzt wer-
den.
1 Ein kritisches Bauelement ist ein in einem 

lebenserhaltenden Gerät oder System ein-
gesetztes Bauelement, bei dessen Ausfall 
berechtigter Grund zur Annahme besteht, 
daß das lebenserhaltende Gerät oder Sy-
stem ausfällt bzw. dessen Sicherheit oder 
Wirksamkeit beeinträchtigt wird.

2 Lebenserhaltende Geräte und Systeme 
sind (a) zur chirurgischen Einpflanzung in 
den menschlichen Körper gedacht, oder (b) 
unterstützen bzw. erhalten das menschli-
che Leben. Sollten sie ausfallen, besteht 
berechtigter Grund zur Annahme, daß die 
Gesundheit des Anwenders gefährdet wer-
den kann.
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Subjects (major changes since last revision)

13 13 #13: Operational Range of Gain Control Voltage VGC=0.3V to 2.0V

14 14 #1: Supply Current of Low Gain Mode VGC=0.4V

17 17 #21: Output Power of Low Gain Mode VGC=0.4V, Limits: min. and max.

17 17 #30: Gain Control Voltage VGC min=0.4V

17 17 #31: Gain Control Input Current VGC=0.4V, Limits: min. and max.

20 20 Optimized Application Circuit
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� 2YHUYLHZ

��� )HDWXUHV

• Up-conversion mixer, direct quadrature modulator 
and AGC on one chip

• Mixer:
• double-balanced Gilbert cell
• low noise
• Modulator and AGC:
• single ended AGC output
    

����������3�76623���

 

• LO input frequency range from 1.4 to 1.6 GHz
• generation of orthogonal carriers without external elements and without trimming
• maximum AGC output power -2dBm
• analog gain control with a dynamic range of 40dB
• low current consumption regulated over the dynamic range
• 40dB carrier suppression with 1Vpp baseband level
• 45dB SSB suppression
• 45dB rejection of third-order intermodulation products with 1Vpp baseband level
• Supply voltage range from 2.7 to 4.5V
• Power-down mode separate for mixer, modulator with AGC
• P-TSSOP-24 package with 0.5 pitch
• Temperature range -30 to 85°C

��� $SSOLFDWLRQV�IRU�WKH�30%�����

• Vector-modulated digital mobile cellular systems, such as PDC-1.5 etc.
• Various modulation schemes, such as PM, PSK, FSK, QAM, QPSK, GMSK, etc.
• Analog systems with FM and AM modulation
• Space- and power-saving optimizations of existing discrete transmitter circuits
Semiconductor Group 5 05.99

7\SH 2UGHULQJ�&RGH 3DFNDJH

PMB 2212 P-TSSOP-24 
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The PMB 2212 contains an up-conversion mixer, a direct quadrature modulator and an
AGC (Analog Gain Control).

The mixer combines the signals at the LOIN and IFIN inputs. The inverted inputs can be
blocked to the external ground.The resulting signal is available at the MIXOUT /
MIXOUTX output. In a typical application, the wanted mixer output product is band-pass
filtered and fed to the modulator input MODIN / MODINX or to an external load.

The modulator generates two orthogonal carriers, which are mixed with the baseband
modulation signals A / AX and B / BX in Gilbert multipliers. The outputs of the multipliers
are added and fed to the AGC internally.

The output power of the AGC is continuously adjustable by a gain-control voltage
connected to the GC pin.

The mixer, the modulator including the AGC core and the output stage of the AGC have
separate power supplies. 

The mixer, the modulator and the AGC can be powered down independently. The power-
down concept enables the modulator / AGC to be used with or without the mixer.
Semiconductor Group 6 05.99
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3LQ�1R� 6\PERO )XQFWLRQ

1 IFIN mixer IF input

2 IFINX mixer IF input (inverted)

3 VCC2 supply voltage of mixer

4 LOIN mixer LO input

5 LOINX mixer LO input (inverted)

6 PD2 power down for mixer

7 MIXOUT mixer output

8 MIXOUTX mixer output (inverted)

9 PD1 power down for modulator and AGC

10 VCC1 supply voltage of modulator and AGC core

11 MODINX modulator input (inverted)

12 MODIN modulator input

13 BX modulation input BX (inverted)

14 B modulation input B

15 AX modulation input AX (inverted)

16 A modulation input A

17 GC gain control input

18 GND1 ground of modulator and AGC core

19 VCC3 supply voltage of AGC output stage

20 RFOUT AGC output

21 GND3 ground of AGC output stage

22 GND1 ground of modulator and AGC core

23 VCC1 supply voltage of modulator and AGC core

24 GND2 ground of mixer
Semiconductor Group 8 05.99
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The up-conversion mixer is a fully-balanced Gilbert cell with symmetrical inputs and
output.

The inputs are high impedanced and biased internally. The LOIN / LOINX input is ac-
coupled. In a typical application the inputs IFIN and LOIN can be driven single ended by
blocking the inverted inputs IFINX and LOINX against ground. The transfer function from
the IFIN input to the mixer output is linear for input levels below the 1dB compression
point. The input level at LOIN has to be high enough to ensure proper switching of the
differential transistor pairs.

The mixer output MIXOUT / MIXOUTX is a high impedanced open collector output which
has to be connected to the supply rail externally. 

The modulator with AGC performs a direct quadrature modulation. The output power of
the modulated signal is continuously adjustable. 

The differential modulator input MODIN / MODINX is high impedanced and biased
internally.

The baseband signals are fed to the modulation inputs A / AX / B / BX. These inputs are
the high impedanced inputs of an emitter coupled transistor pair with no internal biasing.

The input resistance of the gain control voltage pin GC is typically 50kΩ.

The AGC has a low impedanced, single ended output RFOUT. The output has to be ac-
coupled externally. 

The mixer is connected to the supply pins GND2 and VCC2. The modulator and the AGC
core have the same supply pins GND1 and VCC1. The output stage of the AGC has the
separated supply pins GND3 and VCC3.

Applying a logic LOW to PD1 powers down the modulator and the AGC, including their
bias circuit. Applying a logic LOW to PD2 powers down the mixer, including its bias
circuit. Depending on the application, the power-down pins can be combined or
separately fixed to supply rails.
Semiconductor Group 10 05.99
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* Application hint

��� $EVROXWH�0D[LPXP�5DWLQJV

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

� 3DUDPHWHU 6\PERO /LPLW�9DOXHV 8QLWV 5HPDUNV

0LQ 0D[

1 Supply voltage 9CC -0.3 5.0 V

2 Input voltage 9I -0.3 9CC+0.3
5.0

V 9CC ≤ 4.7V
9CC > 4.7V

3 Differential input voltage 9I − 9IX -0.8
-2.0

0.8
2.0

V DC stress
AC stress

4 Output voltage MIXOUT 9MIXOUT -0.5 9CC+0.5 V

5 Output voltage RFOUT 9RFOUT -0.3
9CC-3.5

9CC-3.5

9CC+0.3
9CC+0.3

5.0

V 9CC≤3.2V
9CC>3.2V
9CC≤4.7V
4.7V<9CC

6 Junction temperature 7j 125 °C

7 Storage temperature 7S -55 125 °C

8 Thermal resistance
(junction to lead)*

5thJL 180 K/W

9 Thermal resistance
(junction to ambient)*

5thJA 165 K/W

10 ESD integrity VESD -1 1 kV according 
MIL-STD 
883D, me-
thod 3015.7 
and EOS/
ESD assn. 
standard 
S5.1-1993
Semiconductor Group 12 05.99
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Within the operational range the IC operates as described in the circuit description. 
The AC/DC characteristic limits are not guaranteed.

Supply voltage 9CC = 2.7 to 4.5V, ambient temperature 7A = -30 to 85°C

1RWH� 3RZHU�OHYHOV�DUH�PHDQW�WR�EH�YROWDJH�DW�SLQ�UHIHUUHG�WR�DQ�LPSHGDQFH�RI���Ω�

# 3DUDPHWHU 6\PERO /LPLW�9DOXHV 8QLWV 5HPDUNV

Min Max

&RQWURO�LQSXWV�3'���3'�

1 LOW input voltage 9IL 0 0.8 V

2 HIGH input voltage 9IH 2.1 9CC V

0L[HU

3 LO input frequency ILOIN 0 1.8 GHz

4 LO input level 3LOIN -10 0 dBm

5 IF input frequency IIFIN 0 200 MHz

6 IF input level 3IFIN -9 dBm

7 MIXOUT output frequency IMIXOUT 0 1.6 GHz

0RGXODWRU

8 MODIN input
frequency

IMODIN 1.4 1.6 GHz

9 MODIN input level 3MODIN -15 0 dBm

10 A, AX, B, BX input frequency IA��IB 0 10 MHz

11 A, AX, B, BX input level 9A��9AX��
9B��9BX

1.4 9CC−0.6 V DC+AC

12 A-AX, B-BX differential input
level

9A-AX�
9B-BX

1 Vpp AC

$*&

13 GC 9GC 0.3 2.0 V
Semiconductor Group 13 05.99
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Supply voltage�9CC�

=�2.7 to 4.5V, ambient temperature�7A = +25°C

* Application hint

# 3DUDPHWHU 6\PERO /LPLW�9DOXHV 8QLWV 7HVW
&RQGLWLRQV

7HVW
&LU�
FXLW

Min Typ Max

6XSSO\�FXUUHQWV��7A =+25°C, VCC=3.6V

1 Supply current
PD1=PD2=high
High gain mode
VGC=1.8V

,VCC1

,VCC2

,VCC3

18
9.5
6.5

22
12
8.5

27.5
15
10.5

mA
mA
mA

PD1/2=H

Supply current
PD1=PD2=high
Low gain mode
VGC=0.4V

,VCC1

,VCC2

,VCC3

15.5
9.5
1.5

19
12
2

23.5
15
2.5

mA
mA
mA

PD1/2=H

Supply current
PD1=high, PD2=low
High gain mode
VGC=1.8V

,VCC1

,VCC2

,VCC3

18

6.5

22

8.5

27.5
10
10.5

mA
uA
mA

PD1=H
PD2=L

Supply current
PD1=low, PD2=high
High gain mode
VGC=1.8V

,VCC1

,VCC2

,VCC3

9.5 12
10
15
10

uA
mA
uA

PD1=L
PD2=H

2 Supply current
PD1=low, PD2=low

,VCC1

,VCC2

,VCC3

10
10
10

µA
µA
µA

PD1/2=L

Control inputs PD1and PD2

3 LOW input current ,IL 2 4 µA 9IL=0.8V

4 HIGH input  current ,IH 9 18 µA 9IH=2.1V

5 Power-up settling time
for modulator / AGC*

WPU 4 µs app.
cct.
Semiconductor Group 14 05.99
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$&�'&�&KDUDFWHULVWLFV (cont’d)

Supply voltage 9CC = 2.7 to 4.5V, ambient temperature 7A = +25°C

* Application hint
** Application hint: output power with power matching

1RWH� 3RZHU�OHYHOV�DUH�PHDQW�WR�EH�YROWDJH�DW�SLQ�UHIHUUHG�WR�DQ�LPSHGDQFH�RI���Ω�

# 3DUDPHWHU 6\PERO /LPLW�9DOXHV 8QLW 7HVW
&RQGLWLRQV

7HVW
&LU�
FXLW

Min Typ Max

0L[HU�LQSXW�,),1�

6 Single ended
Input Impedance*

5IFIN�__
&IFIN

1.2
1.6

kΩ
pF

I=178MHz app.
cct.

0L[HU�LQSXW�/2,1�

7 Single ended
Input Impedance*

5LOIN�__
&LOIN

0.32
1.1

kΩ
pF

I=1.619GHz app.
cct.

0L[HU�RXWSXW�0,;287���3IF= -12dBm, 3LO= -5dBm

8 Differential
Output Impedance*

5MIXOUT�__
&MIXOUT

8.8
0.6

kΩ
pF

I=1.441GHz app.
cct.

9 Output power** 3MIXOUT -13 -9.5 -6.5 dBm

10 Gain* *MIXOUT 2.5 dB app.
cct.

11 1dB compression point
refer to IF input level*

3IF1dB -8 dBm app.
cct.

12 Noise figure* 1IF_MIX 13.3 dB DSB app.
cct.

13 Carrier suppression DC_MIX 20 25 dBc app.
cct.
Semiconductor Group 15 05.99
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Supply voltage 9CC = 2.7 to 4.5V, Ambient temperature 7A =+25°C

* Application hint

# 3DUDPHWHU 6\PERO /LPLW�9DOXHV 8QLW 7HVW
&RQGLWLRQVMin Typ Max

0RGXODWRU�LQSXW�02',1�

14 Differential
Input Impedance*

5MODIN-MODINX�__
&MODIN-MODINX

1.1
0.55

kΩ
pF

I=1.441GHz app.
cct.

15 Single ended
Input Impedance*

5MODIN/MODINX�__
&MODIN/MODINX

0.4
0.9

kΩ
pF

I=1.441GHz app.
cct.

16 Internal DC voltage 9MODIN

9MODINX

9CC-
0.9

9CC-
0.8

9CC-
0.7

V

0RGXODWRU�LQSXWV�$�$;�DQG�%�%;���9A =�9AX =�9B =�9BX = 1.75V

17 Differential
Input Impedance*

5A-AX�5B-BX ||

&A-AX�&B-BX

250
1

kΩ
pF

I=100kHz app.
cct.

18 Input DC current ,A��,AX�
,B��,BX

4 8 µA 9A-AX=9B-BX =0V
Semiconductor Group 16 05.99
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$&�'&�&KDUDFWHULVWLFV�(cont’d)

Supply voltage 9CC = 2.7 to 4.5V, Ambient temperature 7A = +25°C

* Application hint: meant to be R in series with L
** Application hint: output power for optimum power matching
*** Application hint
****Application hint: according PDC-Specification RCR STD-27F

1RWH� 3RZHU�OHYHOV�DUH�PHDQW�WR�EH�YROWDJH�DW�SLQ�UHIHUUHG�WR�DQ�LPSHGDQFH�RI���Ω�

# 3DUDPHWHU 6\PERO /LPLW�9DOXHV 8QLW 7HVW
&RQGLWLRQV

7HVW
&LU�
FXLW

Min Typ Max

$*&�RXWSXW�5)287���9GC=1.8V, 9A-AX=9B-BX=1Vpp, 3MODIN=-10dBm, IA-AX �IB-BX=450kHz

19 Single ended
Output Impedance*

5RFOUT��
/RFOUT 

58
3.9

Ω
nH

I=1.441GHz
9GC=1.8V

app.
cct.

20 Dynamic range '5 40 dB

21 Output Power** 3RFOUT -6
-47

-2
-42

1
-37

dBm
dBm

9GC=1.8V
9GC=0.4V

22 Carrier suppression DC_MOD 30 40 dB

23 Single-sideband
supression

DSSB 35 45 dB

24 Suppression of third-order 
intermodulation products 

DIM3 35 45 dB

25 Output noise floor*** 3N_MOD -139 dBm/
Hz

20MHz from 
carrier

app.
cct.

26 ACPR**** 66
70

dB
dB

50kHz
100kHz

app.
cct.

27 Vector error**** 1.1 %rms app.
cct.

28 Magnitude error****
Phase error****

0.77
0.46

%rms
° rms

app.
cct.

*DLQ�FRQWURO�LQSXW�*&�

29 Input Resistance*** 5GC 40 50 60 kΩ app.
cct.

30 Gain control voltage 9GC 0.4 1.8 V

31 Input current ,GC 25
3

36
8

45
13

µA 9GC=1.8V
9GC=0.4V
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4.1 Evaluation Circuit
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4.2 Application Circuit 
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5 Typical Measurement Results (Evaluation Board)

5.1 Current Consumption

5.2 Mixer

Current Consumption vs. Supply Voltage:

��� ��� � ��� ��� ��� ��� � ��� ��� ���
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�

�

�

�

��

��

��

,�
LQ
�P
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��

��

��

,�
LQ
�P
$

,YFF�

,YFF�

,YFF�

PD1=high, PD2=high, T=25°C, VGC=1.8V

Current Consumption vs. Temperature:

��� ��� ��� ��� � �� �� �� �� �� �� �� �� �� ���
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,YFF�

,YFF�

PD1=high, PD2=high, VCC=3.6V, VGC=1.8V

T yp ic a l M ixe r O u tp u t S p ec tru m :

P D 1 = low , P D 2= h igh ,  V C C = 3.6 V , T =2 5 °C ,

PLO IN = -5 dB m , fL O IN = 1 .6 19 G H z, PIF IN = -1 2 d B m , fIF IN = 17 8 M H z,

(ab ou t 1 .5 d B  atten u a tion  d u e to  cab le  loss )

Output Power PMIXOUT vs. Supply Voltage:

��� ��� � ��� ��� ��� ��� � ��� ��� ���

9&&��LQ�9
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%
�L
Q
�G
%
P

PD1=low, PD2=high, T=25°C,

PLOIN=-5dBm, fLOIN=1.619GHz, PIFIN=-12dBm, fIFIN=178MHz

1dB-Compression Point vs. Temperature:
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7 ���&

7 ���&

3�G%�,),1

PD1=low, PD2=high, VCC=3.6V,

PLOIN=-5dBm, fLOIN=1.619GHz, fIFIN=178MHz

Output Power PMIXOUT vs. Temperature:

��� ��� ��� ��� � �� �� �� �� �� �� �� �� �� ���
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3LILQ ���G%P

3LILQ ��G%P

PD1=low, PD2=high, VCC=3.6V,

PLOIN=-5dBm, fLOIN=1.619GHz, fIFIN=178MHz
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5.3 Modulator with AGC
T yp ic a l M o d ula to r O u tpu t S pe c trum :

P D 1 =h igh , PD 2 = low , V C C =3 .6 V , T= 2 5 °C , VG C = 1.8 V ,

PM O D IN -M O D IN X = -1 0d B m , fM O D IN -M O D IN X =1 .4 4 1 G H z, IQ _D C = 1 .7 5 V , IQ _ A C = 1Vp p ,  fm = 1 0 0 k H z

(ab ou t 1 d B  a tten u a tion  d u e  to cab le loss)

Output Power PRFOUT vs. Supply Voltage:

��� ��� � ��� ��� ��� ��� � ��� ��� ���
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3UIRXW

PD1=high, PD2=low, T=25°C, VGC=1.8V,

PMODIN-MODINX=-10dBm, fMODIN-MODINX=1.441GHz, IQ_DC=1.75V, IQ_AC=1Vpp, fm=100kHz

Modulator Performance over Dynamic Range of the AGC:
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PD1=high, PD2=low, VCC=3.6V, T=25°C,

PMODIN-MODINX=-10dBm, fMODIN-MODINX=1.445GHz, IQ_DC=1.75V, IQ_AC=1Vpp, fm=100kHz

Output Power PRFOUT over Dynamic Range of the AGC:
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PD1=high, PD2=low, VCC=3.6V,

PMODIN-MODINX=-10dBm, fMODIN-MODINX=1.445GHz, IQ_DC=1.75V, IQ_AC=1Vpp, fm=100kHz

N oise Performance over D ynamic R ange of the A G C :
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6�1�>G%F�+]@
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PD 1=high, PD2=low , V C C=3.6V , T=25°C,

PM OD IN -M O DIN X=-10dBm , fM O D IN -MO D IN X=1.441GHz, IQ_DC=1.75V , IQ_AC=1Vpp, fm=100kHz,

f o ffset=20M Hz

Noise Performance vs. Offset Frequency:
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PD1=high, PD2=low, VCC=3.6V, T=25°C,

PMODIN-MODINX=-10dBm, fMODIN-MODINX=1.441GHz, IQ_DC=1.75V, IQ_AC=1Vpp, fm=10kHz
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