
HH_AGIPD_FC_FEHH_AGIPD_FC_FE

FrontFront--end withend with
••FoldedFolded--CascodeCascode PreampPreamp
••Adaptive Gain SwitchingAdaptive Gain Switching
••2.4V Operation2.4V Operation
••Only ThinOnly Thin--Oxide Transistors Oxide Transistors 
(except for a few (except for a few NMOSesNMOSes))

Ulrich TrunkUlrich Trunk



Ulrich TrunkUlrich Trunk
AGIPD Meeting PSI 16.AGIPD Meeting PSI 16.--17.09.200917.09.2009

2

HH_AGIPD_FC_FEHH_AGIPD_FC_FE
•• SchematicsSchematics
•• SimulationSimulation
•• LayoutLayout
•• OutlookOutlook



Ulrich TrunkUlrich Trunk
AGIPD Meeting PSI 16.AGIPD Meeting PSI 16.--17.09.200917.09.2009

3

HH_AGIPD_FC_FEHH_AGIPD_FC_FE
SchematicsSchematics



Ulrich TrunkUlrich Trunk
AGIPD Meeting PSI 16.AGIPD Meeting PSI 16.--17.09.200917.09.2009

4

HH_AGIPD_FC_FEHH_AGIPD_FC_FE
FC PreampFC Preamp



Ulrich TrunkUlrich Trunk
AGIPD Meeting PSI 16.AGIPD Meeting PSI 16.--17.09.200917.09.2009

5

HH_AGIPD_FC_FEHH_AGIPD_FC_FE
DiscriminatorDiscriminator



Ulrich TrunkUlrich Trunk
AGIPD Meeting PSI 16.AGIPD Meeting PSI 16.--17.09.200917.09.2009

6

HH_AGIPD_FC_FEHH_AGIPD_FC_FE
OtherOther
•• Level Level ShifterShifter

•• 1.2V 1.2V --> 2.4V> 2.4V

•• DelayDelay CircuitCircuit
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HH_AGIPD_FC_FEHH_AGIPD_FC_FE
SimulationsSimulations
•• Integration of a Integration of a constantconstant currentcurrent
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HH_AGIPD_FC_FEHH_AGIPD_FC_FE
SimulationsSimulations
•• HighHigh-- and and mediummedium gaingain
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HH_AGIPD_FC_FEHH_AGIPD_FC_FE
SimulationsSimulations
•• High High gaingain onlyonly
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HH_AGIPD_FC_FEHH_AGIPD_FC_FE
SimulationsSimulations
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 GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. . GAIN_1 (Vst$p=1.07$-04)   GAIN_2 (Vst$p=1. 07$-04)    GAIN_1 (Vst$p=1. 69$-04)    GAIN_2 (Vst$p=1. 69$-04)    GAIN_1 (Vst$p=2. 68$-04)  .. .

tim$ (us )

Us$r: trunk          D at$: S$p 8, 2009   7:32:09 PM CESTUs$r: trunk          D at$: S$p 8, 2009   7:32:09 PM CEST HH_AGIPD_FC_FE T$st_HH_AGIPD_FE_st$p sch$matic : S$p  8 18:37:55 2009 35

•• High High GainGain
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HH_AGIPD_FC_FEHH_AGIPD_FC_FE
SimulationsSimulations
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2. 5

2. 0

1. 5

1. 0

. 5

0

V 
(V

)
V 

(V
)

2 . 6

2. 4

2. 2

2. 0

1. 8

1. 6

1. 4

V 
(V

)
V 

(V
)

2 . 5

2.25

2. 0

1.75

1. 5

1.25

1. 0

V 
(V

)
V 

(V
)

 I3. PRE_OUT (Vst$p=1.07$-02)   I3.PRE_OUT (Vst$p=1.69$-02)    I3.PRE_OUT (Vst$p=2.68$-02)    I3.PRE_OUT (Vst$p=4.24$-02)    I3.PRE_OUT (Vst$p=6.73$-02)   I3. PRE_OUT (Vst$p=1.07$-02)   I3.PRE_OUT (Vst$p=1.69$-02)    I3.PRE_OUT (Vst$p=2.68$-02)    I3.PRE_OUT (Vst$p=4.24$-02)    I3.PRE_OUT (Vst$p=6.73$-02)   I3. PRE_OUT (Vst$p=1.07$-02)   I3.PRE_OUT (Vst$p=1.69$-02)    I3.PRE_OUT (Vst$p=2.68$-02)    I3.PRE_OUT (Vst$p=4.24$-02)    I3.PRE_OUT (Vst$p=6.73$-02)   I3. PRE_OUT (Vst$p=1.07$-02)   I3.PRE_OUT (Vst$p=1.69$-02)    I3.PRE_OUT (Vst$p=2.68$-02)    I3.PRE_OUT (Vst$p=4.24$-02)    I3.PRE_OUT (Vst$p=6.73$-02)   I3. PRE_OUT (Vst$p=1.07$-02)   I3.PRE_OUT (Vst$p=1.69$-02)    I3.PRE_OUT (Vst$p=2.68$-02)    I3.PRE_OUT (Vst$p=4.24$-02)    I3.PRE_OUT (Vst$p=6.73$-02)  

 SF_OUT (Vst$p=1.07$-02)   SF_OUT (Vst$p=1.69$-02)    SF_OUT (Vst$p=2.68$-02)    SF_OUT (Vst$p=4.24$-02)    SF_OUT (Vst$p=6.73$-02)   SF_OUT (Vst$p=1.07$-02)   SF_OUT (Vst$p=1.69$-02)    SF_OUT (Vst$p=2.68$-02)    SF_OUT (Vst$p=4.24$-02)    SF_OUT (Vst$p=6.73$-02)   SF_OUT (Vst$p=1.07$-02)   SF_OUT (Vst$p=1.69$-02)    SF_OUT (Vst$p=2.68$-02)    SF_OUT (Vst$p=4.24$-02)    SF_OUT (Vst$p=6.73$-02)   SF_OUT (Vst$p=1.07$-02)   SF_OUT (Vst$p=1.69$-02)    SF_OUT (Vst$p=2.68$-02)    SF_OUT (Vst$p=4.24$-02)    SF_OUT (Vst$p=6.73$-02)   SF_OUT (Vst$p=1.07$-02)   SF_OUT (Vst$p=1.69$-02)    SF_OUT (Vst$p=2.68$-02)    SF_OUT (Vst$p=4.24$-02)    SF_OUT (Vst$p=6.73$-02)  

 GAIN_1 (Vst$p=1.07$-02)   GAIN_2 (Vst$p=1. 07$-02)    GAIN_1 (Vst$p=1. 69$-02)    GAIN_2 (Vst$p=1. 69$-02)    GAIN_1 (Vst$p=2. 68$-02)  .. . GAIN_1 (Vst$p=1.07$-02)   GAIN_2 (Vst$p=1. 07$-02)    GAIN_1 (Vst$p=1. 69$-02)    GAIN_2 (Vst$p=1. 69$-02)    GAIN_1 (Vst$p=2. 68$-02)  .. . GAIN_1 (Vst$p=1.07$-02)   GAIN_2 (Vst$p=1. 07$-02)    GAIN_1 (Vst$p=1. 69$-02)    GAIN_2 (Vst$p=1. 69$-02)    GAIN_1 (Vst$p=2. 68$-02)  .. . GAIN_1 (Vst$p=1.07$-02)   GAIN_2 (Vst$p=1. 07$-02)    GAIN_1 (Vst$p=1. 69$-02)    GAIN_2 (Vst$p=1. 69$-02)    GAIN_1 (Vst$p=2. 68$-02)  .. . GAIN_1 (Vst$p=1.07$-02)   GAIN_2 (Vst$p=1. 07$-02)    GAIN_1 (Vst$p=1. 69$-02)    GAIN_2 (Vst$p=1. 69$-02)    GAIN_1 (Vst$p=2. 68$-02)  .. . GAIN_1 (Vst$p=1.07$-02)   GAIN_2 (Vst$p=1. 07$-02)    GAIN_1 (Vst$p=1. 69$-02)    GAIN_2 (Vst$p=1. 69$-02)    GAIN_1 (Vst$p=2. 68$-02)  .. . GAIN_1 (Vst$p=1.07$-02)   GAIN_2 (Vst$p=1. 07$-02)    GAIN_1 (Vst$p=1. 69$-02)    GAIN_2 (Vst$p=1. 69$-02)    GAIN_1 (Vst$p=2. 68$-02)  .. . GAIN_1 (Vst$p=1.07$-02)   GAIN_2 (Vst$p=1. 07$-02)    GAIN_1 (Vst$p=1. 69$-02)    GAIN_2 (Vst$p=1. 69$-02)    GAIN_1 (Vst$p=2. 68$-02)  .. . GAIN_1 (Vst$p=1.07$-02)   GAIN_2 (Vst$p=1. 07$-02)    GAIN_1 (Vst$p=1. 69$-02)    GAIN_2 (Vst$p=1. 69$-02)    GAIN_1 (Vst$p=2. 68$-02)  .. . GAIN_1 (Vst$p=1.07$-02)   GAIN_2 (Vst$p=1. 07$-02)    GAIN_1 (Vst$p=1. 69$-02)    GAIN_2 (Vst$p=1. 69$-02)    GAIN_1 (Vst$p=2. 68$-02)  .. .

tim$ (us )

Us$r: trunk          D at$: S$p 8, 2009   7:32:34 PM CESTUs$r: trunk          D at$: S$p 8, 2009   7:32:34 PM CEST HH_AGIPD_FC_FE T$st_HH_AGIPD_FE_st$p sch$matic : S$p  8 18:37:55 2009 35

•• Medium Medium GainGain
•• 5 5 tracestraces = 1 = 1 decadedecade!!
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HH_AGIPD_FC_FEHH_AGIPD_FC_FE
SimulationsSimulations
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 I3. PRE_OUT (Vst$p=1.07$-01)   I3.PRE_OUT (Vst$p=1.69$-01)    I3.PRE_OUT (Vst$p=2.68$-01)    I3.PRE_OUT (Vst$p=4.24$-01)    I3.PRE_OUT (Vst$p=6.73$-01)  .. . I3. PRE_OUT (Vst$p=1.07$-01)   I3.PRE_OUT (Vst$p=1.69$-01)    I3.PRE_OUT (Vst$p=2.68$-01)    I3.PRE_OUT (Vst$p=4.24$-01)    I3.PRE_OUT (Vst$p=6.73$-01)  .. . I3. PRE_OUT (Vst$p=1.07$-01)   I3.PRE_OUT (Vst$p=1.69$-01)    I3.PRE_OUT (Vst$p=2.68$-01)    I3.PRE_OUT (Vst$p=4.24$-01)    I3.PRE_OUT (Vst$p=6.73$-01)  .. . I3. PRE_OUT (Vst$p=1.07$-01)   I3.PRE_OUT (Vst$p=1.69$-01)    I3.PRE_OUT (Vst$p=2.68$-01)    I3.PRE_OUT (Vst$p=4.24$-01)    I3.PRE_OUT (Vst$p=6.73$-01)  .. . I3. PRE_OUT (Vst$p=1.07$-01)   I3.PRE_OUT (Vst$p=1.69$-01)    I3.PRE_OUT (Vst$p=2.68$-01)    I3.PRE_OUT (Vst$p=4.24$-01)    I3.PRE_OUT (Vst$p=6.73$-01)  .. . I3. PRE_OUT (Vst$p=1.07$-01)   I3.PRE_OUT (Vst$p=1.69$-01)    I3.PRE_OUT (Vst$p=2.68$-01)    I3.PRE_OUT (Vst$p=4.24$-01)    I3.PRE_OUT (Vst$p=6.73$-01)  .. .

 SF_OUT (Vst$p=1.07$-01)   SF_OUT (Vst$p=1.69$-01)    SF_OUT (Vst$p=2.68$-01)    SF_OUT (Vst$p=4.24$-01)    SF_OUT (Vst$p=6.73$-01)  .. . SF_OUT (Vst$p=1.07$-01)   SF_OUT (Vst$p=1.69$-01)    SF_OUT (Vst$p=2.68$-01)    SF_OUT (Vst$p=4.24$-01)    SF_OUT (Vst$p=6.73$-01)  .. . SF_OUT (Vst$p=1.07$-01)   SF_OUT (Vst$p=1.69$-01)    SF_OUT (Vst$p=2.68$-01)    SF_OUT (Vst$p=4.24$-01)    SF_OUT (Vst$p=6.73$-01)  .. . SF_OUT (Vst$p=1.07$-01)   SF_OUT (Vst$p=1.69$-01)    SF_OUT (Vst$p=2.68$-01)    SF_OUT (Vst$p=4.24$-01)    SF_OUT (Vst$p=6.73$-01)  .. . SF_OUT (Vst$p=1.07$-01)   SF_OUT (Vst$p=1.69$-01)    SF_OUT (Vst$p=2.68$-01)    SF_OUT (Vst$p=4.24$-01)    SF_OUT (Vst$p=6.73$-01)  .. . SF_OUT (Vst$p=1.07$-01)   SF_OUT (Vst$p=1.69$-01)    SF_OUT (Vst$p=2.68$-01)    SF_OUT (Vst$p=4.24$-01)    SF_OUT (Vst$p=6.73$-01)  .. .

 GAIN_1 (Vst$p=1.07$-01)   GAIN_2 (Vst$p=1. 07$-01)    GAIN_1 (Vst$p=1. 69$-01)    GAIN _2 (Vst$p=1. 69$-01)    GAIN_1 (Vst$p=2. 68$-01)  .. . GAIN_1 (Vst$p=1.07$-01)   GAIN_2 (Vst$p=1. 07$-01)    GAIN_1 (Vst$p=1. 69$-01)    GAIN _2 (Vst$p=1. 69$-01)    GAIN_1 (Vst$p=2. 68$-01)  .. . GAIN_1 (Vst$p=1.07$-01)   GAIN_2 (Vst$p=1. 07$-01)    GAIN_1 (Vst$p=1. 69$-01)    GAIN _2 (Vst$p=1. 69$-01)    GAIN_1 (Vst$p=2. 68$-01)  .. . GAIN_1 (Vst$p=1.07$-01)   GAIN_2 (Vst$p=1. 07$-01)    GAIN_1 (Vst$p=1. 69$-01)    GAIN _2 (Vst$p=1. 69$-01)    GAIN_1 (Vst$p=2. 68$-01)  .. . GAIN_1 (Vst$p=1.07$-01)   GAIN_2 (Vst$p=1. 07$-01)    GAIN_1 (Vst$p=1. 69$-01)    GAIN _2 (Vst$p=1. 69$-01)    GAIN_1 (Vst$p=2. 68$-01)  .. . GAIN_1 (Vst$p=1.07$-01)   GAIN_2 (Vst$p=1. 07$-01)    GAIN_1 (Vst$p=1. 69$-01)    GAIN _2 (Vst$p=1. 69$-01)    GAIN_1 (Vst$p=2. 68$-01)  .. . GAIN_1 (Vst$p=1.07$-01)   GAIN_2 (Vst$p=1. 07$-01)    GAIN_1 (Vst$p=1. 69$-01)    GAIN _2 (Vst$p=1. 69$-01)    GAIN_1 (Vst$p=2. 68$-01)  .. . GAIN_1 (Vst$p=1.07$-01)   GAIN_2 (Vst$p=1. 07$-01)    GAIN_1 (Vst$p=1. 69$-01)    GAIN _2 (Vst$p=1. 69$-01)    GAIN_1 (Vst$p=2. 68$-01)  .. . GAIN_1 (Vst$p=1.07$-01)   GAIN_2 (Vst$p=1. 07$-01)    GAIN_1 (Vst$p=1. 69$-01)    GAIN _2 (Vst$p=1. 69$-01)    GAIN_1 (Vst$p=2. 68$-01)  .. . GAIN_1 (Vst$p=1.07$-01)   GAIN_2 (Vst$p=1. 07$-01)    GAIN_1 (Vst$p=1. 69$-01)    GAIN _2 (Vst$p=1. 69$-01)    GAIN_1 (Vst$p=2. 68$-01)  .. . GAIN_1 (Vst$p=1.07$-01)   GAIN_2 (Vst$p=1. 07$-01)    GAIN_1 (Vst$p=1. 69$-01)    GAIN _2 (Vst$p=1. 69$-01)    GAIN_1 (Vst$p=2. 68$-01)  .. . GAIN_1 (Vst$p=1.07$-01)   GAIN_2 (Vst$p=1. 07$-01)    GAIN_1 (Vst$p=1. 69$-01)    GAIN _2 (Vst$p=1. 69$-01)    GAIN_1 (Vst$p=2. 68$-01)  .. .

tim$ (us )

Us$r: trunk          D at$: S$p 8, 2009   7:32:49 PM CESTUs$r: trunk          D at$: S$p 8, 2009   7:32:49 PM CEST HH_AGIPD_FC_FE T$st_HH_AGIPD_FE_st$p sch$matic : S$p  8 18:37:55 2009 35

•• Low Low GainGain
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M0(142.6MHz , 3.525x 10-16)M0(142.6MHz , 3 .525x 10-16)M0(142.6MHz , 3.525x 10-16)M0(142.6MHz , 3.525x 10-16)M0(142.6MHz , 3.525x 10-16)

M1(10MHz , 6.856x 10-17)M1(10MHz , 6.856x 10-17)M1(10MHz , 6.856x 10-17)M1(10MHz , 6.856x 10-17)M1(10MHz , 6.856x 10-17)

M2(5MHz , 6.842x10-17)M2(5MHz , 6.842x10-17)M2(5MHz , 6.842x10-17)M2(5MHz , 6.842x10-17)M2(5MHz , 6.842x10-17)

fr $q (Hz)

Us $r: trunk          Dat$:  S$p 14,  2009   2:11:04 PM CESTUs $r: trunk          Dat$:  S$p 14,  2009   2:11:04 PM CEST HH_AGIPD_FC_FE T$st_HH_AGIPD_FE_nois$ sch$matic : S$p 14 11:40:46 2009 23

HH_AGIPD_FC_FEHH_AGIPD_FC_FE
SimulationsSimulations
•• NoiseNoise

T T =distance =distance betweenbetween samplessamples
τ τ ==IntegratorIntegrator RCRC time time constantconstant
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HH_AGIPD_FC_FEHH_AGIPD_FC_FE
LayoutLayout
•• CompleteComplete Block Block withwith Buffers (ZVTBuffers (ZVT--SF) SF) 

and and PadsPads
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HH_AGIPD_FC_FEHH_AGIPD_FC_FE
LayoutLayout
•• SizeSize: 112: 112μμm x 56m x 56μμm (78 m (78 μμm)m)
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•• It is possible to build a FoldedIt is possible to build a Folded--CascodeCascode based based 
AGIPD front end…AGIPD front end…

•• Operating from 2.4V supplyOperating from 2.4V supply
•• Using only thin oxide (P)MOS devicesUsing only thin oxide (P)MOS devices

•• Perspectives:Perspectives:
•• Higher OL gain and speedHigher OL gain and speed
•• Lower noiseLower noise
•• Higher dynamic rangeHigher dynamic range

•• Requires additional power supplyRequires additional power supply
•• Will be submitted in Nov. ’09Will be submitted in Nov. ’09
•• Stay tuned for results…..Stay tuned for results…..

HH_AGIPD_FC_FEHH_AGIPD_FC_FE
SummarySummary
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