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=pnp in CMOS tech: cross section
= DC Characterization
= RF Characterization

= Temp Characterization
= Important for Bias Ref & Temp Sensor

= VVariability Analysis
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Cross Section
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Substrate pnp Cross Section
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DC Characterization
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Forward Gummel Measurement

o) input: K input: K3
Mode: W Mode: V Mode: V
+ MNode: B + Node: C + Node: E
- Nede: GROUND - Node: GROUND - Node: GROUND
Unit: SMU1 Unit: SMU3 Unit: SMU2
Compliance: 20.00m Compliance: 20.00m Compliance: 20.00m
Sweep Type: COMN Sweep Type: Sweep Type: LIN
Value: 0.000 Value{ 0.000 Sweep Order: 1
N_“ Start: 0.000
Stop: 1.200
# of Points: 61
Step Size: 20.00m
Mode: | Mode: | Mode: |
To Node: B To Node: C To Node: E
From Node: GROUND From Node: GROUND From Node: GROUND
Unit: SMU1 Unit: SMU3 Unit: sSMU2
Type: B Type: B Type: B
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Output Characteristics

Forward & Reverse

Output: |23
Mode: |
To Node: E
Fram Node: GROUMND
Linit: spuz

Type: B

put:
'

B

: GROUNMD
. SMU1

: B

"ﬂﬂﬂ ve |
Mode: v
+ Mode: E
- Node: GROUMND
Linit:
Compliance: 100.0000000m
Sweep Type: LIN
Sweep Order: 1
Start:
Stop: 3.000000000
# of Points: 61
Step Size! 100.0000000m

SMU2

-3.000000000

input: 2

Meocle:

To Node:
From Node:
Unit:
Compliance:
Sweep Type:
Sweep Order:
Start:
Stop:

# of Points.
Dec or Oct:
Total Pts:

I

B

GROUND

SMUA
10.00000000

LOG

2

-10.00000000m

-1.000000000n

3

D
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Emitter and Base Resistances

- input: {2 Input: [EN
Mode: | Mode: W Mode: | Mode: v
To Node: B + Node: E To Node: C +Node: B
From Node: GROUND - Node: GROUND From Node: GROUMD | |- Node: GROUND
Unit: sMuU2 Unit: SMU3 Unit: SMU1 Unit: SMU2
Compliance: 1.500 Compliance: 100.0m Compliance: 100.0m Type: B
Sweep Type: LIN Sweep Type: CON Sweep Type: CON -
Sweep Order: 1 Value: 0.000 Value: 0000
Start: -1.000u Mode: \
Stop: -10.00u + Node: C
# of Points: 21 - Node: GROUND
Step Size: -450.0n Unit: SMU1
Type: B
Emitter resitance: re - Base resitance: rb

J

o | I | | | H | | | |
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ib.m [E-3] !

Mobile and Communications Group



RF Characterization
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Transit Frequency /J

= Definition

= 1 is the frequency where the magnitude of the short-circuit
common-emitter current equal unity

= Importance

= fydetermines the depletion capacitance between base and emitter

= This capacitance has a stong effect on device high frequency
performance b 21 Cy. ?;‘Et c
o 1 )

= Physical meaning
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ft: Available Collector: Low Freg

lout — ImUrn

Ur = T'zlin

} — lout — ImT7nlin — [Az = out _ ImTr = B]
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fi: Grounded Collector: Low Freg

iin (o lout

oe b — «— €
o AW\ o
b I: JmUn
C
C
| | .
= -
™
iout — —9mUx — Z.in
. —_— lout = —YmTxlin — lin
Ur = Trlin l

[A?ﬁ = i(.mt = —gmrr —1=—(8+ 1)]
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ft: Available Collector: Mid Freq

in lout

Cble_oe b lin < ¢
b ‘ I: Obe =%r’ﬂ' égmvw

?:in A iout _ ImTrn _ /6
mgﬂ' + SCbe ' iin 1+ STWCbe 1+ Srwcbe

> lout — ¢
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ft: Grounded Collector: Mid Freq

Cbe
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ft: Available Collector: High Freq

. lout
Ch b lin e 2
'I - Q€ (‘ﬁ_> II O
g— Chcmmpm T ImUr
e
1= L
Che =
lout = ImUr — sCheVn G — SCb
m c

tin = JnUn —E $(Che + C’be)fvﬂb _— lout = ot s(Co t o) lin
lin 1

- g',rr + S(Cbe —I_ Cbc) J [4 ?:Ol.lt gm — SCbC /8 - ST?TCbC ]

Un

iin - g + S(Cbe + Cbc:) - 1 + STW(CbB + Obc:)J
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ft: Grounded Collector: High Freq

i
Cbe oe b&l ?;Ete
1 ——t— W3 °

?CT

_I: Cbc = ?vaw

1H. T

Cbc =

lin

9 + S(Cbe + Cbc)

1 ut = —9mVUnr — (gr + Scbe Ur .
° ( ) iout = —(gm + gr + 5Che)
iin — (gﬂ’ + Scbe)vﬂ' + SCbchﬂ- l

lout L Gm + gr + 8Che 1+ 8+ srxChe

iin
B gw+3(cbe+cbc) A, = — —
’ iin grx + S(Cbe + Cbc) 1 + S?”ﬂ-(Cbe + Cbc)

Un
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ft: Available vs.

Grounded Collector

lout
G

(0 o b I 1)

~

?U
Ty
>
{

C
o .
Azc:‘lc _ ?z;ut = GTr = B
b —— ’ "
O— Obe— ImUn
€ C
_I ha, _ IB — STz Upe
G, O J_. 1+ 570 (Che + Che)
Obe
Ch oe Lin II ?;Oit e ()
13° | =—s—w S| ar—ife_ (54
T in
mUx

1+ /6 + ST'n'Obe

hg, = —
21 1 + Srfr(cbe + Cbc)
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Relationship Between k3 and k3,

a /8 o ST?TCbC
2 1 + Srﬂ'(cbe + Cbc:)
B — s77Che
1+hy =1+
21 1 + STz (Cbe + Cbc:)
a B —sr7Cpe +1+ ST?T(Cbe + Cbc)
14 hyy =
1+ STr (Cbe + Cbc)
a B+ 1+ srCpe

—(1+h3;) = = h3,

a 1 + STW(Cbe + Cbc) B

/[; 5 = —(h, +1
Exctraction of collector to bas Measurement of the grounded

current gain collector pnp
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Current Gain RF Measurement

N

hgl — _(hgl + 1)
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Transit Frequency vs. Ic

Transit Frequency (GHz)
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r-: Base Resistor

iin C c lout \
=3
Chcmmpm T'n ImUr Ya — @ 0
e - 9m Yo _
=
Obe
iin II Z‘(:nut
i | =T
T'n
- _ Q@ —9p
Che mUn Y, =
¢ —_— fm? I |: _(gm gp) 9p + 9m + 9o
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Base Resistance from RF Measurements
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Temp Characterization
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Measurement Setup for Veb vs. Temp vs. Ie

[ o) Input I Input [ Tomperature
Mode: v Mode: Vv Mode: | Mode: P
+ Mode: B + MNode: C To Node: E Param Namea: TEMP
- Node: GROUND - Nede: GROUND From Node: GROUND Unit:

Unit: SnMUA Unit: SMU3 Unit: smuz Sweep Type: LIN
Compliance: 2000m Compliance: 20.00m Compliance: 5000 Sweep Order: 1
Sweep Type: COM Sweep Type: CON Sweep Type: LIST Start: -50.00

Value: 0.000 Value: 0.000 Sweep Order: 2 Stop: 150.0
# of Values: § # of Points: 21
Value 1:  1.000n Step Size: 1000

Value 22 10.00n
Value 3: 100.0n
Value 4. 1.000u
Value 5. 10.00u
Value 6: 30.00u
Value 7. 100.0u
Value 8. 1.000m

—w Output:
Mode: | Mode: | Mode: Vv
To Node: B To Mode: C + Node: E
From MNode: GROUMND From Mode: GROUMD - Node: GROUND
Unit: SMU1 Unit: SMU3 Unit: SMUZ
Type: S Type: § Type: 5
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Veb and Temperature Coefficient

Veb @ 20um TC @ 20uA
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Statistics of Veb

Mean & Std of veb vs. Temperature @ 20um

o
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o

[m]

n]
|

mean(V,;)
(YA)Prs
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Negative-Temp Coef Voltage

= Assumptions
= The forward voltage of a diode exhibits a negative TC

= This diode can be either the base-emitter junction or the nwell-psubstrate

1 —FE
Iop =1ip =ic = Ig eXp(VBE/VT — 1) Vg = Vprln (I—O) Ig = prAtm exp ( 9)

S kT
OVBE I (Ic) oV Vi 01g - Vr In Ic

oT Is) 0T Is 0T T = Ig

Ve Ve — E;/q
= — 4
oT T (4+m)k/q
aAVBE k I

oT

= AVeE is independent of the bias current
= TC is independent of the temp
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Positive-Temp Coef Voltage (PTAT)

= Assumptions
= Two identical transistors
= Negligible base compare to collector current (or high beta)

Ig = ’ZE = 7:0 = IS eXp(VBE/VT — 1)

= AVBE is independent of the bias current
= TC is independent of the temp
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Positive-Temp Coef Voltage (PTAT)

= Assumptions
= Two identical transistors
= Non-negligible base compare to collector current (or low )

= Constant B over collector current: Ebers-Moll Model predicts
Ip =ip =ic+ip=ic+ic/B

Iol +5 = ?:C = IS eXp(VBE/VT)

Iy p Iy p
AVim — Vol Vil
Vbe =Vr D(ISHB) v n(mIsHB)

AVBE = VT 11’1 (m)
OAVpe _ k- (m)
or g

= AVBE is independent of the bias current

= TC is independent of the temp
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Positive-Temp Coef Voltage (PTAT)

= Assumptions
= Two identical transistors
= Non-negligible base compare to collector current (or low )
= Non-constant B over collector current: Gummen-Poon Model (SGP)

IOZiE:iC+iB=ic+io/ﬁ

Iy [ Iy  po )
AVip = Vil Vel
BE T”(@1+m) Tn(m@1+&

AVBE:VTln(m b1 1+52) 0AVip Elll(m b1 1+/62)
q

1+ 51 B9 1+ 61 B

_ b\ B2
AVpg = Vp lln(m)+ln(1+51) ln(l—l—ﬁg):|

AVeg ~ Vr lln (m) + & 1 B2 n 1] — lln (m) + B1(lo) — B2(mlp) ]

1+681 145 11+ B1(Lo)][1 + B2(mlp)]

= AVBe does depend on the bias current since B depends on bias
current

= TC depends on both the temp and bias current
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Veb vs. Temp vs. Ie

Ie= mA

. — . i o Ie=1DOuUA

~— NMM%  " I Ie=10uA
- " Ie=1uA

Ie=100nA

b Ie=10nA

-50 -30 -10 10 30 50 70 90
Temp

Mobile and Communications Group




Variability of AVeb vs. Temp

AVeb @1e-09 - 1e-08

Very low B il
region

Vep[mV]

60 -40 -20 0 20 40 60 80
Temperature (“C)

AvVeb @1e-06 - 1e-05

Constant B
region

Vep[mV]
Vep[mV]

AvVeb @1e-08 - 1e-07 Aveb @1e-06 - 1e-07

low B
region

Constant
region

Vep[mV]

"

100 0

-40 -20 0 20 40 &0 &0
Temperature (°C)

100

60 -40 -20 0 20 40 60 &0
Temperature (*C)

100

AVeb @0.0001 - 1e-05

AVeb @0.001 - 0.0001

Constant B 5
region

[

Vep [mV]

High current
region-> low B

60 -40 -20 0 20 40 60 80
Temperature ("C)

100 &0

100 50 -40 -20 0 20 40 60 80
Temperature (“C)
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Temperature ("C)
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