
CHAPTER EIGHT 

Schottky Transistor- 
Transistor logic (STTL) 

Digital Electronics. 
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Introduction 

Schottky Transistor-Transistor 

 Logic (STTL) 

STTL is obtained by replacing the BJT with Schottky-clamped BJT (SBJT) 

Transistor-Transistor 

 Logic (TTL) 

The primary advantage of SBJTs is their improved transient times since 
SBJT does NOT operate in saturation 
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Schottky-Barrier Diodes (SBD) 

Schottky-barrier diode is made by adjoining metal and N-type 
semiconductor (usually aluminum with N-type silicon) 

M N 

 SBDV

SBDI

 
SBDV

SBDI

 VVSBD

 mAISBD

Cut-off C
o
n
d
u
c
ti
n
g
 s

ta
te

 
Circuit symbol Current voltage characteristics 
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Schottky-Clamped SBJT 

B 

E 

C 





BI

BFC II 

CBE III  

V

SatVBE

8.0

Saturation Mode 

  VSatVCE 2.0

  VSatVBC 6.0 A serious problem that limits the 
switching speed of a BJT inverter as 
well the TTL gates is the time 
required to remove the enormous 
stored charge of the base of a 
saturated BJT. 

Thus, the solution is to use 
BJTs that do not saturate. 

The saturation mode is 
characterized by the forward 
biased B-C voltage 

     

V

satVsatVsatV CEBEBC

6.02.08.0              



The saturation can be avoided by 
limiting the forward-biased base-
collector voltage to values less 
than 0.6 V 

This is accomplished by placing SBD across the 
base and collector terminals of a BJT. 
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B 

E 

C 





BI CI

EI

Equivalent circuit 

VBC is limited to VSBD(ON)=VBC(HARD)=0.3V 

 

SBDI
CI 

BI 

B 

E 

C 

EI

CI 

BI 

Circuit symbol 

The ‘ON-HARD’ Mode: 

1. BJT is F.A. 

2.  Schottky diode is conducting 

  VHARDVBE 8.0

  VHARDVBC 3.0

  VHARDVCE 5.0

1The SBJT does not saturate 

Schottky-Clamped SBJT 

  BFC IHARDI 

  SBDBFC IIHARDI  
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Since VBC is limited to VSBD(ON)=VBC(HARD)=0.3V < 
VBC(RA)=0.7V 

“Inverse-active” Schottky Mode: 

The SBJT can not operate in inverse active mode 

B 

E 

C 

EI

CI 

BI 

However, for  

 ,FAVV BEBE    VRSVV BCBC 3.0

SBDC II 

SBDB II 

0 ECB III

Schottky-Clamped SBJT 
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 Example 

Determine the logic swing 
of SBJT shown, assuming 

 Solution 
OHV

When VI is low, SBJT is cut-off 

OV

VVCC 5

 kRC 4

 kRB 21

IV SBDQ

0 CRC II VVV CCOH 5

OLV
 SBJT is “ON-HARD” mode, 

  VHARDVV CEOL 5.0

VVVV OLOHLS 5.4

Logic swing voltage= 

CCOH VV 

IHV

IV

Q(off) 

Q(HARD)  

V

HARDVV CEOL

5.0      



OV

VVLS 5.4

Edge of  

conduction 

Edge of  

hard mode 

 ONVV BEIL 

Schottky-Clamped SBJT 
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Schottky-Clamped TTL 

(SSTTL) 54S00/74S00 

CPR

2PQ
1PQ

EPR

OV

CCV

BR CR

1INV

SQ

IQ

1D

OQ
CDR

2D

2INV

DQ

BDR

STTL NAND gate 

•BJTs are replaced with SBJTs 
(except for QP2) 
 
•The Darlington pair (QP1 & 
QP2) provides higher current 
to charge the load 
capacitance (Output low-high) 
•QP2 is a normal BJT because 
it can not saturate since 

     FAVHARDVFAV PBEPCEPCE 2,1,2, 

   satVFAV CEPCE 2,
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Schottky-Clamped TTL 

(SSTTL) 54S00/74S00 

CPR

2PQ
1PQ

EPR

OV

CCV

BR CR

1INV

SQ

IQ

1D

OQ
CDR

2D

2INV

DQ

BDR

STTL NAND gate 

Advantages of QD, RBD, RCD:  
1. The break point between 

VOH and VOL is eliminated 
(QS, QO turn ON at the same 
time) 

2. Narrower transition width 
and better noise margin 

3. Discharge the base charge 
of QO during the low-high 
transition 

RB, RC have smaller values 
than in TTL gates to 
increase the fan-out (but 
also increase PCC(avg)) 
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VTC of SSTTL  

 50CPR

2PQ
1PQ





k

REP

3.3
OV

VVCC 5





k

RB

8.2




900

CR

1INV

SQ

IQ

1D

OQ





250

CDR

2D

2INV

DQ




500

BDR

STTL NAND gate 

OHV

When VIN is low: QI is „Hard“. 

QS , QD, and QO are off. 

   FAVFAVVV PBEPBECCOH 2,1, 

QP1 and QP2 are ON. 

VVOH 6.34.15 

(Neglecting IBP.) 

ILV

The necessary voltage to turn QO ON 

     FAVFAVHARDVV OBESBECEIL ,, 

VVIL 9.04.15.0 
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 50CPR

2PQ
1PQ





k

REP

3.3
OV

VVCC 5





k

RB

8.2




900

CR

1INV

SQ

IQ

1D

OQ





250

CDR

2D

2INV

DQ




500

BDR

STTL NAND gate 

IHV QS , and QO are in on-
hard mode. 

VVIH 1.16.15.0 

OLV QO is SBJT 

 

   HARDVHARDV

HARDVV

OBESBE

CEIH

,,       



  VHARDVV OCEOL 5.0, 

   HARDVHARDVV SBESCEPB ,,1, 

VV PB 7.03.11, 

QP1 is ON through REP 

 but QP2 is OFF 

 (VBE,P2=1.3-0.7-0.5=0.1V<VBE(FA)) 

VTC of SSTTL  
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 50CPR

2PQ
1PQ





k

REP

3.3
OV

VVCC 5





k

RB

8.2




900

CR

1INV

SQ

IQ

1D

OQ





250

CDR

2D

2INV

DQ




500

BDR

STTL NAND gate 

IHV QS , and QO are in on-
hard mode. 

VVIH 1.16.15.0 

OLV QO is SBJT 

 

   HARDVHARDV

HARDVV

OBESBE

CEIH

,,       



  VHARDVV OCEOL 5.0, 

VVOH 6.3

VVIH 1.1

IV

QO(off) 

QO(HARD) 

VVOL 5.0

OV

VVIL 9.0

VTC of SSTTL  
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When the output is high, IIL is negligible. 

Therefore, Fan-out depends on the output low state 

IL

OL

I

I
M 

?

   

B

OCEIBECC

RBEIIL
R

HARDVHARDVV
III






,,

For the input low state, QI is sat 
and QS is cut-off Input current low IIL OV

M

1ILI

ILMI

2ILI

2PQ

OV

VVCC 5

OQ

Fan-Out of SSTTL  
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SQ

OQ

DQ

1PQ

Output current low IOL 

OLI

 HARDII OCOL ,

BOFOL II 

Since the output QP2 is cut-off 

 RCDRBDSEBO IIII  ,

BOI

RCDIRBDI

SEI ,

Negligible 

   

CD

DCEOBE

RCD
R

HARDVHARDV
I

,, 


SCSBSE III ,,, 

IQ

BR CR

   

C

OBESCECC

SC
R

HARDVHARDVV
I

,,

,




Small value 

     

B

OBESBEIBCCC

SB
R

HARDVHARDVHARDVV
I

,,,

,




Fan-Out of SSTTL  
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 50CPR

2PQ
1PQ





k

REP

3.3
OV

VVCC 5





k

RB

8.2




900

CR

1INV

SQ

IQ

1D

OQ





250

CDR

2D

2INV

DQ




500

BDR

STTL NAND gate 

 Example 

Determine the maximum 
fan-out of the SBJT circuit 
shown, assuming 

 Solution 

βF=49 

mA
k

I IL 32.1
8.2

5.08.05





mAI SC 11.4, 

mAI SB 11.1, mAIRCD 2.1

149M

Fan-Out of SSTTL  
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 HW #8:Solve Problems:8.1 , 8.3, 8.8, and 8.19 


