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Outline of the presentation

 Introduction to bipolar transistor model
scaling.

A reference geometry based scaling approach
for scalable Mextram model.

 Derivation of behavioral reference geometry

based scaling equations for multi-emitter
finger devices.

« Model implementation in Verilog-A and the

unified parameter extraction procedure In
IC-CAP.
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Introduction

Corner

VGB TT
DVGBF DVGBR - § _{
VGJ VGC H ] I
DVGTE vas l J_
= w  —
P\ N |/
W, =W+dW

IN:TE =) P=P,(W+dW)(L+dL)+ B,V +dW)+ B(L+dl)+ P,
k \ Bul J Sidewall Comer
i:{l r=1I; Six geometry parametersin the geometry
Bee [ Sty) T2T scaling eqn.: P,, Py, P, Pe, dW, dL

e
%
TUDelft



Introduction

Plotting measured parameters (P)
vs. drawn length (L) and width (W) :

P=(PW+P,dW +P )L+(P,dL+R, )W
+P,dwdL + P dL + R, dW + P,

Inter =(P,dL + R, )W + P,dwdL + P dL + R, dW + P..
mm) Slope=PW+P,dW + P,

Four equations for six geometry

Intersections parameters:
1, Myogpe = P,
> 2, lsgpe=P.dW+P
L L L., 3, m.,=PdL+R,
—— Lmask 4, i .=P,dWdL+PdL+R,dW +P,

dW & dL from SEM ?7?

e
%
TUDelft




A reference geometry based scaling
approach for scalable Mextram Model

Goal : To have four geometry parameters in geometry
scaling egn. and same format as temperature scaling egn.

Re-arrange scaling egn. in terms of drawn width and length:
P=PWL+(P,dL+P, )W+(P AW+ P, )L+P AWdL + PdL+ P, dV + P, .

Py E B-

Scaling equations in terms of reference parameters
at reference geometry:

Pop M e Wiptip,
P, W, "w, -
P-P,

el ()
o o)
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A reference geometry based scaling
approach for scalable Mextram Model

For ratio of two physical quantities:

_ P ,WL+R,W+P, L+P,
P,WL+P, , W+P,L+P.,

Bulk component dominates the area of the junction,
so the ratio parameter is 15t order approximate as:

1 1 1
P:PA+PWW+PLI+PCM’
P W L W, L
— =1+P, | —R-1|+P | =R-1|+P.| R R_1]. 2
adi e G R @
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A reference geometry based scaling
approach for scalable Mextram Model

For parasitic resistance:

Vertical:
i:[ﬁp{ WL —1J+Pw[ﬂ—1]+PL[L— D . 3)
PR WRLR WR LR
Lateral:
P=R$(WT+CJ. (4)
P=(GwWW +GIL +Gc) ™,
P _ W Vel )
- P_R_[1+GW[WR 1]+GI[LR n . ©))
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Derivation of geometry scaling equations for
multi-emitter fingers bipolar devices

dr,) ( Rth, Rth, - Rt Y P
dT, Rth,, Rth,, - Rch’NE P,
dT, KRthNEvl Rthy , -+ Rthy KPNE)
Rth =],
) Rth = Rthc -
: — i # .
abs(i — j)W, L,
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Derivation of geometry scaling equations for
multi-emitter fingers bipolar devices

Averaging the temperature rise:
_ dT, +dT,---dT,_

NE
= sz (Rthm +Rth, -+ Rth,_+Rth,, + Rth,,--Rth,_--Rth, , +Rth, - RthNE,NE)
E
Ne-1 s
__P [ gy, 2Rthe 5 Ne—i)
N, N, < iw,L,
-1
Rth=RTHR[1+RTHA[M—1J+RTHW[WB —1]+RTHL[ L —1]} ,
BRLBR BR BR
-1
- RTH = R M= [1+ RTHA[—WBLB —1]+RTHW[WB —1J+RTHL( Lo —1}] (6)
NE BRLBR BR BR

+2RTHCN§:1.NE—i |
N, & iwL,
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Derivation of geometry scaling equations for
multi-emitter fingers bipolar devices

Starting from 1E, 1C collector resistance:

RCC = Rcep+ Rbli + Rblx + Rcpl
= Rci + Rcx.

Rex™ = GewW,. +GelL . +Ge.

Rci = Rciv ! +Rcih%.

ETE E
— RCC =RCC, (1—RCX) (1—RCI)%+RCIW—ERLER
E" "ER WELE

-1
+RCX[1+GCW[WE —l]+GCL(i—1]} .
Wer Ler

%
TUDelft



Derivation of geometry scaling equations for
multi-emitter flngers bipolar devices

For multi-E, 1C collector resistance:
Rbli Rbli

Rcep ——— 0 —— + Rex
CiNIZ ep 6 2 I_N
V, 6 2 Iy
Reep _ : : : N_E
Vi, Rbli & : Rbli Iy
-Rbli/6 Rcep —T ; (NE - |)RCd T+ Rcx N_E
NE
Rbli &t Rbli I
Rcep ——— N.—i)Rcd ——+Rex [N N
e 2, (Ne-i) 5
V,+V,- V
rec= Y Vit VeV
N I N
Ng-1
Rcep Rbli + Z i2 Rcc: Rbli + Rex
N. 6N, & N2 2
N_-1)(2N. -1
Rcep 3N, leIi +( e~ 1)(2Ne )Rcd+ Rex
N, 6NE 6N,
N_.-1)(2N. -1
Rcep Ne Rbli +( )(2Ne )Rblc+ Rex
N, N,
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Derivation of geometry scaling equations for
multi-emitter flngers bipolar devices

For odd-E, 2C collector resistance:

Reep —R?b“ 0 —R2|I+Rc
IN
V, i N
b | |Rop P (Neglpeg PO Rox || Ne
V, 6 2 2 |
N
_ ' N,
\Y; = (Ne-3)
(NE-1) . > . I_N
2 Roep — ! z(ﬁ—i]Rcd RO, Rex N,
V(NE+1) 6 -\ 2 2 |
2 (Neg-1) _N
Rbli & (N, . Rbli 2
Reep — [—E—lchd ——+ Rex
L 6 Zl: 2 2
2(v VeV )+VNE
rRoc= nl e,
N I N,
_ N. -1)(N_ -2
_Reep 3N -2 (Ne=)(Ne=2) oy | Rex
N.  12N_ 12N, 2
N_.-1)(N_ -2
=_Rcep+£Rb”+( e ~J(Ne )Rblc Rex
N, 12 12N,
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Derivation of geometry scaling equations for
multi-emitter fingers bipolar devices

For even-E, 2C collector resistance:

Ng

RCC = Rcep  Rbli 22 i2 Rcd N Rbli N Rex

. 6N, & N2 4 2
- N.—1)(N. -2
_Reep SN 2Rb|i+( = ~H(Ne )Rcd+@
N, 12N, _
_Roep  Ne i, (Ne =) (Ne=2) L Rox,
N, 12N,

RCC can be expressed as a single analytical equation
with the number of collector contact as :

N, —1)(2N, /N -1
- ROC=ROP, Ne i, (Ne J(2Ne/NG=1) o, Rex
N, 3N, 6N, N,
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Derivation of geometry scaling equations for
multi-emitter fingers bipolar devices

Analytical reference based configuration scalable RCC scaling equation:

+—E (1-RCI)—E—E& |,
NE WELE NC WERLE

(Nc—1)(2Ng /N2 -1) rexcWolen
6NE WDRLE

-1
RC3= RI\CI:X [1+ Ne GCW (VV\)/E —1)+GCL (i—ln ,

C C ER ER

RC1=(1—RCX)[RCI Weeler . N WELERJ

RC2=

m=) RCC=RCC,(RCL+RC2+RC3). (7)
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Model implementation in Verilog-A and
parameter extraction in IC-CAP

Table 1 Geometry and Configuration Scaling equations
for Scalable Mextram Model

Scalable Geometry Scaling Finger
Parameters Dependent Equation Dependent
IS, IK, IBF, IBR W, L 1) N
CJE, CJC, IHC W, L, 1) N
ISS, IKS W, L, 1) N
CJSs W, L. (¢H)] None
BF, VEF, VER W, L, () None
PE, PC, TAUB W, L @) None
BRI We Le (2) None
PS W, L, @ None
RE, RCV, SCRCV W, L (3) 1/N,;
RBV W, L, 4 /N,
RBC W, L (5) 1/N,
RTH W, L, (6) Ne
RCC W Lg (7) Ne
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Model implementation in Verilog-A and

parameter extraction in IC-CAP

‘include "frontdef.inc"
User defined constants ‘define  SELFHEATING
‘define SUBSTRATE

module bjt504t_va (c, b, e, s, (

/

Terminals inout c, b, e,s,dt
electrical c, b, e, s, dt;
electrical noi;

‘include "parameters.inc"

Parameters {
Variables {

/‘

Main module ‘include "variables.inc"
analog begin

‘include "geo_scaling.inc*
‘include "initialize.inc"
‘include "tscaling.inc"
‘include "evaluate.inc*
end

endmodule

-

Analog block <<

N

/ &

= NE:

nc =NC;

we =W;

le =L,

weref =WREF

leref = LREF

wb = we+0.3;

Ib = |e+0.3;

wbref = weref+0.3;

Ibref = |leref+0.3;

wce = ne*wb+(ne-1.0)*0.52+nc"*1.79+2.0"0.5;

Ic = |b+2.0"0.5;

wcref = whref+1.79+2.0*0.5;

lcref = |bref+2.0*0.5;

IS_scale = ne*lS*(1.0+ISA*(we*le/(weref leref)-1.0)
+ISW*(we/weref-1.0)+ISL*(le/leref-1.0));

IK_scale = ne*lK*(1.0+IKA*(we*le/(weref*leref)-1.0)
+|IKW*(we/weref-1.0)+IKL*(le/leref-1.0));

RE_scale = RE/(ne*(1.0+REA*(we*le/(weref*leref)-1.0)
+REW*(we/weref-1.0)+REL"(le/leref-1.0)))+0.7;

RBV_scale =(1.0/ne)*RBV*we/weref*lerefile;

RBC_scale = RBC/(ne*(1.0+RBCL*(lefleref-1.0)
+RBCW*(we/weref-1.0)));

rcl = (1.0-RCX)*(RCl/ne*weref*lerefiwe/le
+(1.0-RCI)*welle*lereflweref‘ne/nc/nc);

rc2 = RCXC*lereflle*(ne-1)*(2*ne/nc/nc-1)/ne/6.0;

rcd = RCX/nc/(1.0+ne/nc*RCW*(we/weref-1.0)

+RCL*(lefleref-1.0));
RCC_scale = RCC*(rc1+rc2+rc3);

CJE_scale = ne*CJE*(1.0+CJEA*(we*le/(weref*leref)-1.0)
+CJEW* (we/weref-1.0)+CJEL*(le/leref-1.0));
CJC_scale =ne*CJC*(1.0+CJCA*(we*le/{weref leref)-1.0)
+CICW*(welweref-1.0+CICL*{le/leref-1.0));
CJS_scale = CJS*(1.0+CJSA*(wc*lc/(wcref*lcref)-1.0)
+CJSW*(wclwcref-1.0+CJSL*(Ic/lcref-1.0));
VEF_scale =VEF*(1.0+VEFW*(werefiwe-1.0)+VEFL"(lereflle-1.0)
+VEFC*(weref*leref/(we*le)-1.0));
VER_scale =VER*(1.0+VERW*(weref/we-1.0+VERL"(lereflle-1.0)

+VERC*(weref*leref/(we*le)-1.0));
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Model implementation in Verilog-A and
Darameter extraction in IC-CAP
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Model implementation in Verilog-A and
parameter extraction in 1C-CAP

A
. Parameters Extraction
O Model Verification
axL ., ® O @ o @
3xL., O O @)
2. 0O O © ©
Sx.| © @ @ O @
ph REF
2 1xL, O O e O O
1xL, O O e O O
i, O O e O O
XL ® &6 6 o o
W, wz WER ws wd
W.(um)

TSMC 0.18 um high-speed SiGe HBT process
W,, W, Wgg, W;, W, =0.2,0.3,0.4,0.6,0.9 um
Lyine L1 Loy Lgy Leg = 1.7, 2,64, 4.52, 8.28, 10.16 um

o (&)

Temp. =25—~150°C

L —— Simulation
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Cye (F)

Model implementation in Verilog-A and

parameter extraction in IC-CAP
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Model implementation in Verilog-A and
parameter extraction in IC-CAP
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Model implementation in Verilog-A and
parameter extraction in IC-CAP
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Model implementation in Verilog-A and

parameter extraction in IC-CAP
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Conclusion

A behavioral referenced based configuration scalable Mextram model has been
developed and implemented in AHDL Verilog-A language for advanced circuit
design. It is based on scaling of PN junction area for single emitter device and
effective collector and thermal node assumption for multi-emitter finger devices.

 The scalable model uses the same set of the standard Mextram model parameters
as reference parameters and additional geometry parameters for geometry scaling.
Two more parameters RTHC and RCXC are used for configuration scaling, which
model the mutual heating effect and collector resistance between adjacent fingers.
Instance parameters WE, LE, NE and NC are added for selecting geometry and
different layout configurations when using the model.

« The essential feature of the proposed geometry and configuration scaling
methodology is a direct extraction of the temperature and geometry parameters
from the measured electrical characteristics and the model parameters as reference
parameters are extracted only once for a single reference geometry.

m=) « The model simulation results not only fits device characteristic with different
geometries but also nicely predicts the 7. degradation with increasing emitter-finger
number due to increase of mutual heating and collector delay time. It concludes

that the emitter finier number can’'t be increased without a limit as for emitter area.
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