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Context

 Thanks Nicolas for the nice introduction ! ©
- Real need to use bipolar transistors above BV ¢4

- But what we do not know is how the transistor is biased in Cadence !
» A current or voltage source drastically changes the output characteristic ...

* From the current source at the base terminal
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Context

 Thanks Nicolas for the nice introduction ! ©
- Real need to use bipolar transistors above BV ¢4

- But what we do not know is how the transistor is biased in Cadence !
» A current or voltage source drastically changes the output characteristic ...

« To the voltage source at the base terminal
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Context

 Thanks Nicolas for the nice introduction ! ©
- Real need to use bipolar transistors above BV ¢4

- But what we do not know is how the transistor is biased in Cadence !
» A current or voltage source drastically changes the output characteristic ...

* To the current source at the emitter terminal
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Context mm

 Thanks Nicolas for the nice introduction ! ©
- Real need to use bipolar transistors above BV ¢4

- But what we do not know is how the transistor is biased in Cadence !
« A current or voltage source drastically changes the transistor behavior ...
* Then pick the worst case ?

—> gives the BV, as a boundary which does not match circuit requirements

* Need to account for both Iz and Vg in the limitation definition
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BVCE — Transistor Limitations

* BV (ST) define the main biases where the transistor is destroyed

» Transistor close to the BV g can locally reach very high temperatures
(pinch-in)

 IMS designer shows having thermal issues, using the transistor above
the RVg: inside the pinch-in regime (but indicated below the BV )

* Let’s try to find a more realistic regime where the transistor is
damaged without being unstable thermally or electrically and
destroyed

* We name this regime the Stable Operation Regime (SOR)
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SOR definition mma

- Stable operation regime (SOR)
 Strong Avalanche regime (BVgo) (i)
Current pinch-in (ii)
Snapback behavior (iii)
Self-Heating (here AT limited to 200°C) (iv)
Maximum current (due to voltage drop across the resistances) (v)
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Ic[A]

* In a real circuit

« Temperature usually above 25°C

 Series resistances never negligible

Rp=0Q

Rp=500Q

' Ry-1Q
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Rp=10kQ
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Ry=50Q
R;=100Q

Rp=10MQ

SOR Iy setup[ ||~

. |SOR Vg or I setup[ |

- Designer has to be aware of the shifts with Rg

BVpot Vi

0

SOR mm

- Changes the BV g down to BV, for high base resistance values
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Transistor degradation

- See Nicolas presentation for the main definitions
» Most of the time the SOA is defined from the % I variation over the time

» But where does the degradation comes from ?

- How to model it accurately ?



Aging tests

» The base current is degraded along the stress test
« Stress conditions : I = 8mA, Vg = 1.5V, T=25°C (mixed-mode stress)

* The perimeter recombination current is affected
* In HICUM, named lggps

- Saturation of the degradation after a very long stress time
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Degradation mechanism origin

* Mixed mode stress
» Hot carriers created by impact ionization
« With sufficient energy = reach the oxide interface
» Passivated Si-H bonds at the interface can be broken
 Additional recombination current (due to SRH)
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Degradation mechanism origin

- Location of the Hot Carrier Degradation (HCD)
« Degradation of peripheral recombination current linked to impact ionization
« Hot holes created by impact ionization - main degradation site
« STI & spacer interface are mainly damaged
» Forward regime, spacer degradation principally (STI in reverse mode)
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Degradation mechanism origin

A high junction temperature leads to
« Decrease of the avalanche current - lower degradation
* Increase of the hydrogen diffusion flow

* Increase the probability of hydrogen passivation at the EB interface
« Lattice configuration enable effortless hydrogen atoms passivation at the
interface

=P— Electron flow
== Heat flow

mmmm Main degradation site
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Impact lonization degradation interaction

* Aging mechanism avalanche dependent

« Stress 1,2,4,5
« The higher the avalanche current is, the higher the saturation current will be
e Stress 3

« A higher Vg changes the hot hole current flow direction closer to the spacer
interface

» Stress 6,7
A high junction temperature increases hydrogen diffusion and reduces the
maximum number of breakable bonds

I
1 E A
10 T T T 1 30 T T T 1 Vegel.5V [,-0.1mA 1
: ' ' ' ° ' ' ' ' ' = =0.2m 2
5 0 325°C 75 I T T T B Vep=2.0V 1g=0.2mA
10° -~ .~ - ' ! : ' Vep=2.4V I;=0.1mA 3
— — l \\ : —— e Vep=2.0V 1;=0.5mA 4
._-g
10-3 —— _\\ - 'E')S 20 Vep=2.0V I[g=1.0mA 5
. . . i Vp=2.0V I;=2.0mA 6
< ' ' ' : ' 15 V=27V [;=20mA 7
O 10 Lave 7
5
10° : : — X ] 0t
O Stress condition 1 Pinch In
Ly 107 g 0?5 i 1?5 ; 2?5 _l, 3.5 B o
IS

life.augmented VCB [V]



Aging model

- The aim of an aging compact model
« Mimic the different aging phases (reaction, diffusion and annealing)
* Dependent of the stress conditions
« Accurately model the saturation of the degradation

- Dynamic model required to account stress variation during time

* Reaction-Diffusion model divided in two parts

* Interface generated traps interact with the diffused number of H atoms
* Si;—Si—H+Y & Si; — Si + X where X (H*, H, H,) diffuses away from
interface
» Hydrogen diffusion at the interface
* Modeled through a RC ladder network (similar as thermal diffusion model)
* Related to the number of traps that can be created at the interface
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Aging modeling results

- Stress results over the time
« Captures well the different phases of the degradation

« Allows to accurately predicts the transistor degradation

» Accurate definition of the SOA can extrapolated thanks to that model

* To have a 50% I increase at Vg=0.85V = I,ps=50fA for the considered
geometry and technology

« Embeddable inside Cadence to simulate aging in a circuit environment
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Conclusion

 Improvement of the HICUM model to have an accurate model at the
HBT operating boundaries

» SOR and SOA definition
« SOR defines the transistor stable operation regime
« SOA defines the transistor without major degradation of the current gain

- Most of the time, the current gain is decreased by a factor 2 up to EB
spacer degradation interface saturation

» Aging model implemented inside HICUM giving accurate results

 Currently on-going pulsed stress measurements to match AC stress
requirements
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Thanks for your attention



HICUM improvements

- The new improvements allows to work at higher voltages/currents:
 Strong avalanche model HICUM/L2 v2.4.0 = up to BV g
 Impact ionization dependence with I, > HICUM/L2 v3.0.0
* M gives I,
« Snapback behavior accurately predicted
* Pinch-In modeled through a distributed model - HICUM/L4
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Aging model

* Model separated in two parts :

* Reaction considered
» Si;—Si—H+Y & Si; — Si+ X where X (H*, H, H,) diffuses away from interface
* Interface generated traps interact with the diffused number of H atoms

* Number of generated trap defined through the trap rate as

gr(t) = KF(NF — NT(t)) — KpN7(t)Ny(0,t) (1)

K5 is the rate of the forward reaction

Ky is the rate of trap annihilation

Ny (x,t) is the hydrogen density at distance x of the Si/SiO, interface
N is the total number of available breakable bonds

diffusion model
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Aging model

* Model separated in two parts :
« Diffusion through a RC ladder network

Each diffusion network cell describes a slice of the spacer

Relationship between the resistance/capacitor

. Rn = RHag:ll 1<n<N H diffusion 5

Cp = Cyag o Cy
¢ hspacer = CH Ilg;(} aCk hspacer

* Ry = Cy/Dy 0'C,y

 Value calculated through the spacer geometry 3
) . o-"C
G used to account for the hydrogen diffusion at the second 0 2C,y
ac'Cy

spacer interface
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Aging results

* Ig(Vgg) for different time, I5(t) for 2 Vge and lgeps(t)
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