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Lêi nãi ®Çu 
 

 

Tiªu chuÈn Ngµnh TCN 68 - 216: 2002 "ThiÕt bÞ ®Çu cuèi kÕt nèi vµo m¹ng viÔn 
th«ng c«ng céng sö dông kªnh thuª riªng tèc ®é Nx64 kbit/s - Yªu cÇu kü thuËt" 
®îc x©y dùng trªn c¬ së chÊp thuËn ¸p dông nguyªn vÑn néi dung chÝnh cña c¸c khuyÕn 
nghÞ ITU-T V.11, V.28, V.35; tiªu chuÈn ETSI EN 300 290 theo ph¬ng ph¸p bao hµm.  

§Ó gióp cho ngêi sö dông cã c¸c th«ng tin cÇn thiÕt mµ kh«ng ph¶i tra cøu nhiÒu 
tµi liÖu kh¸c, c¸c phô lôc tham kh¶o B1 vµ B2 ®· ®îc bæ sung vµo tiªu chuÈn, trong ®ã 
B1 lµ s¬ ®å ch©n cña c¸c gi¾c c¾m cÇn thiÕt, B2 lµ b¶ng tham chiÕu ®Õn c¸c tiªu chuÈn 
quèc tÕ t¬ng ®¬ng. 

Tiªu chuÈn Ngµnh TCN 68 - 216: 2002 do ViÖn Khoa häc Kü thuËt Bu ®iÖn (RIPT) 
biªn so¹n, Vô Khoa häc - C«ng nghÖ ®Ò nghÞ vµ ®îc Bé Bu chÝnh,  
ViÔn th«ng (MPT) ban hµnh theo QuyÕt ®Þnh sè 34/2002/Q§-BBCVT ngµy 31 th¸ng 12 
n¨m 2002. 

Tiªu chuÈn Ngµnh TCN 68 - 216: 2002 ®îc ban hµnh díi d¹ng song ng÷ (tiÕng 
ViÖt vµ tiÕng Anh). Trong trêng hîp cã tranh chÊp vÒ c¸ch hiÓu do biªn dÞch, b¶n tiÕng 
ViÖt ®îc ¸p dông. 

            
                             Vô Khoa häc - C«ng nghÖ  
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thiÕt bÞ ®Çu cuèi kÕt nèi vµo m¹ng  
viÔn th«ng c«ng céng  

sö dông kªnh thuª riªng tèc ®é n × 64 kbit/s 

Yªu cÇu kü thuËt 

(Ban hµnh kÌm theo QuyÕt ®Þnh sè 34/2002/Q§-BBCVT ngµy 31/12/2002 cña  
Bé trëng Bé Bu chÝnh, ViÔn th«ng) 

 

1. Ph¹m vi ¸p dông 

Tiªu chuÈn TCN 68 - 216: 2002 quy ®Þnh c¸c yªu cÇu kü thuËt tèi thiÓu vÒ 
®iÖn vµ vËt lý t¹i giao diÖn sè kÕt nèi c¸c thiÕt bÞ ®Çu cuèi viÔn th«ng (TTE) vµo 
m¹ng viÔn th«ng c«ng céng (PTN) sö dông kªnh thuª riªng sè tèc ®é n x 64 kbit/s 
(víi n = 1÷31). 

Tiªu chuÈn TCN 68 - 216: 2002 lµ së cø cho viÖc chøng nhËn hîp chuÈn thiÕt 
bÞ, nh»m ®¶m b¶o kh¶ n¨ng cïng ho¹t ®éng víi m¹ng. 

Tiªu chuÈn TCN 68 - 216: 2002 kh«ng ®Ò cËp ®Õn c¸c yªu cÇu vÒ an toµn ®iÖn 
vµ t¬ng thÝch ®iÖn tõ. C¸c yªu cÇu nµy ®îc quy ®Þnh trong c¸c tiªu chuÈn ngµnh 
liªn quan nh TCN 68 - 190: 2000 vµ TCN 68 - 191: 2000. 

2. Tµi liÖu tham chiÕu chuÈn 

[1] ETSI EN 300.290: 2001: “Access and Terminal (AT) 64 kbit/s digital 
unrestricted leased line with octet integrity (D64U); Terminal 
equipment interface”. 

[2] ITU-T Recommendation V.11: “Electrical characteristics for balanced 
double-current interchange circuits operating at data signaling rates up 
to 10 Mbit/s”; 1996. 

[3] ITU-T Recommendation V.28: “Electrical characteristics for unbalanced 
double-current interchange circuits”; 1996. 

[4] ITU-T Recommendation V.35: “Data transmission at 48 kbit/s using 
60-108 kHz group band circuits”; 1996. 

[5] ITU-T Recommendation G.703: “Physical/electrical characteristics of 
hierarchical digital interfaces”; 1998. 
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[6] ISO/IEC 2593: 1993: “Information technology - Telecommunications 
and information exchange between systems - 34 pole DTE/DCE interface 
connector mateability dimensions and contact number assignments”. 

[7] ISO/IEC 4902: 189: “Information technology - Data communication -  
37 pole DTE/DCE interface connector and contact number assignments”. 

[8] HKTA 2030. Network Connection specification for connection of 
Customer Premises Equipment (CPE) to the public telecommunications 

network (PTNs) using digital leased circuits at data rates of n×64 
kbit/s; March 1999. 

3. ThuËt ng÷, ®Þnh nghÜa vµ c¸c ch÷ viÕt t¾t 

3.1 ThuËt ng÷, ®Þnh nghÜa 

Kªnh thuª riªng: lµ ph¬ng tiÖn viÔn th«ng cña m¹ng viÔn th«ng c«ng céng 
cung cÊp c¸c ®Æc tÝnh truyÒn dÉn x¸c ®Þnh gi÷a c¸c ®iÓm kÕt cuèi m¹ng vµ kh«ng 
bao gåm c¸c chøc n¨ng chuyÓn m¹ch mµ ngêi sö dông cã thÓ ®iÒu khiÓn ®îc (vÝ 
dô: chuyÓn m¹ch theo yªu cÇu). 

§iÓm kÕt cuèi m¹ng: lµ c¸c kÕt nèi vËt lý vµ c¸c th«ng sè kü thuËt cña chóng 
t¹o thµnh mét phÇn cña m¹ng viÔn th«ng c«ng céng, gióp cho viÖc truy nhËp vµ 
truyÒn tin cã hiÖu qu¶ qua m¹ng viÔn th«ng ®ã. 

ThiÕt bÞ ®Çu cuèi viÔn th«ng (TTE): lµ thiÕt bÞ nèi víi m¹ng viÔn th«ng c«ng 
céng hoÆc m¹ng néi bé hoÆc m¹ng viÔn th«ng chuyªn dông cã nghÜa lµ: nèi trùc tiÕp 
víi kÕt cuèi cña m¹ng viÔn th«ng hoÆc liªn kÕt víi mét m¹ng ®· ®îc nèi trùc tiÕp 
hoÆc gi¸n tiÕp tíi kÕt cuèi cña m¹ng viÔn th«ng ®Ó göi, nhËn hoÆc xö lý th«ng tin. 

3.2 C¸c ch÷ viÕt t¾t 

ASD Bé ph¸t hiÖn tr¹ng th¸i 

DC Dßng mét chiÒu 

DCE ThiÕt bÞ ®Çu cuèi m¹ch sè liÖu 

DTE ThiÕt bÞ ®Çu cuèi sè liÖu 

EMC T¬ng thÝch ®iÖn tõ 

IP §iÓm kÕt nèi 

LCL Suy hao chuyÓn ®æi däc 

NTP §iÓm kÕt cuèi m¹ng 

ppm PhÇn triÖu 
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PRBS(211- 1) Chuçi bit gi¶ ngÉu nhiªn (theo  quy ®Þnh ë môc 2.1 
cña KhuyÕn nghÞ ITU O.152) 

PTN M¹ng viÔn th«ng c«ng céng 

r.m.s Gi¸ trÞ hiÖu dông 

TTE ThiÕt bÞ ®Çu cuèi viÔn th«ng 

UI Kho¶ng ®¬n vÞ 

4. Yªu cÇu kü thuËt chung 

4.1 §iÓm kÕt nèi m¹ng 

4.1.1 VÞ trÝ 

Nh h×nh 1. 

ThiÕt bÞ kÕt
cuèi ®êng d©y
sè n x 64 kbit/s

ThiÕt bÞ ®Çu
cuèi viÔn th«ng

(TTE)

Nhµ thuª bao

M¹ng

Giao diÖn
(§iÓm kÕt nèi)

 

H×nh 1: §iÓm kÕt nèi TTE víi giao diÖn sè n× 64 kbit/s 

4.1.2 Yªu cÇu 

ThiÕt bÞ cña nhµ khai th¸c ®îc l¾p ®Æt vµ ®i c¸p t¹i nhµ thuª bao ®Ó cung  

cÊp ®iÓm kÕt nèi tíi thiÕt bÞ ®Çu cuèi TTE. ThiÕt bÞ cña nhµ khai th¸c cã thÓ sö 

dông cïng nguån ®iÖn 220 V (AC) ± 10% hoÆc 48 V (DC) ± 10% cña TTE trong nhµ 

thuª bao. 

4.1.3 Lo¹i gi¾c nèi 

Lo¹i gi¾c nèi tuú thuéc vµo giao diÖn sö dông.  

- Giao diÖn V.35 sö dông gi¾c nèi 34 ch©n theo tiªu chuÈn ISO 2593 (M34).  

- Giao diÖn V.11 sö dông gi¾c nèi 37 ch©n theo tiªu chuÈn ISO 4902 (DB37). 

- Giao diÖn G703 64 kbit/s sö dông gi¾c nèi lo¹i 8 ch©n theo tiªu chuÈn 

ISO/IEC 10173. 
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4.2 C¸c yªu cÇu vÒ ®iÖn t¹i giao diÖn 

4.2.1 Lo¹i giao diÖn 

Giao diÖn sè øng víi ®iÓm kÕt nèi cña TTE lµ mét trong c¸c lo¹i chÝnh sau: 

a) V.35; 

b) V.11 hoÆc 

c) G.703 64 kbit/s. 

4.2.2 Tèc ®é sè liÖu vµ ®Þnh thêi 

4.2.2.1 Tèc ®é sè liÖu 

TTE ph¶i cã kh¶ n¨ng ho¹t ®éng víi tèc ®é n × 64 kbit/s víi n = 1 ÷ 31, dung 

sai tèc ®é ±10-4. 

4.2.2.2 §Þnh thêi 

- TTE ph¶i cã kh¶ n¨ng ho¹t ®éng trong chÕ ®é ®Þnh thêi tí (tr¹ng th¸i mÆc 

®Þnh) vµ chÕ ®é ®Þnh thêi chñ lµ tuú chän. 

- Giao diÖn thiÕt bÞ ®Çu cuèi dïng cho c¸c kªnh thuª riªng tèc ®é 64 kbit/s, 

cung cÊp c¸c kÕt nèi ®iÓm - ®iÓm, hai híng sö dông tÝn hiÖu ®Þnh thêi do m¹ng 

cung cÊp. Ph©n bè tÝn hiÖu ®Þnh thêi lµ ®ång híng. 

5. §Æc trng ®iÖn cña c¸c m¹ch trao ®æi t¹i giao diÖn V.11 

5.1 §Æc trng ®iÖn cña m¹ch trao ®æi c©n b»ng 

§Æc trng ®iÖn cña c¸c m¹ch trao ®æi c©n b»ng (m¹ch 103, 104, 113, 114 vµ 

115 trong b¶ng 2) tu©n thñ khuyÕn nghÞ ITU-T V.11, ®îc trÝch dÉn nguyªn vÑn 

sau ®©y. 

5.1.1 Minh häa tîng trng m¹ch trao ®æi c©n b»ng 

ThiÕt bÞ t¹i hai phÝa cña giao diÖn cã thÓ kÕt hîp m¸y ph¸t vµ thu theo c¸ch 

bÊt kú. Minh häa tîng trng cña m¹ch trao ®æi trong h×nh 2 m« t¶ ®iÓm trao ®æi 

m¸y ph¸t vµ ®iÓm trao ®æi t¶i.  

Trong c¸c øng dông truyÒn sè liÖu, c¸p giao diÖn ®îc cÊp bëi DTE. DTE vµ 

c¸p giao diÖn t¹o ra mét ®êng ph©n ®Þnh víi DCE. §êng ph©n ®Þnh nµy còng 

®îc gäi lµ ®iÓm trao ®æi nh minh häa trong h×nh 3. 
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G R

M¸y ph¸t
C¸p kÕt nèi
c©n b»ng T¶i

KÕt cuèi c¸p M¸y thu
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h¸
t

Vg

V
cb

V
ab

V
ca

§
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m
 tr

ao
 ®

æi
 t¶

i

Zt

A'A

B B'

C'C

Vab

Vca

Vcb

Zt

Vg

§iÖn ¸p lèi ra m¸y ph¸t gi÷a c¸c ®iÓm A vµ B

§iÖn ¸p lèi ra m¸y ph¸t gi÷a c¸c ®iÓm C vµ A

§iÖn ¸p lèi ra m¸y ph¸t gi÷a c¸c ®iÓm C vµ B

Trë kh¸ng kÕt cuèi c¸p

HiÖu ®iÖn thÕ ®Êt

A, B vµ A', B' C¸c ®iÓm trao ®æi

C, C' C¸c ®iÓm trao ®æi chuÈn ®iÖn ¸p 0V  
H×nh 2: Minh häa tîng trng cña m¹ch trao ®æi c©n b»ng 

G R

R G

Gi¾c nèi

B'

A'

Zt

Zt

A

§Êt tÝn hiÖuDTE vµ c¸p

§êng ph©n ®Þnh

DCE

B

C, C'

 
H×nh 3: Minh häa thùc tÕ cña giao diÖn 

5.1.2 C¸c tr¹ng th¸i tÝn hiÖu m¸y ph¸t vµ m¸y thu 

5.1.2.1 Tr¹ng th¸i tÝn hiÖu m¸y ph¸t  
C¸c tr¹ng th¸i tÝn hiÖu cña m¸y ph¸t ®îc x¸c ®Þnh b»ng ®iÖn ¸p gi÷a c¸c 

®iÓm lèi ra A vµ B trong h×nh 2. 
§iÖn thÕ ®iÓm A d¬ng so víi ®iÓm B t¬ng øng víi tr¹ng th¸i tÝn hiÖu m¹ch 

sè liÖu lµ 0 (kh«ng cã xung); m¹ch ®iÒu khiÓn vµ ®Þnh thêi lµ ON. 
§iÖn thÕ ®iÓm A ©m so víi ®iÓm B øng víi tr¹ng th¸i tÝn hiÖu m¹ch sè liÖu lµ 

1 (cã xung); m¹ch ®iÒu khiÓn vµ ®Þnh thêi lµ OFF. 
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5.1.2.2 Tr¹ng th¸i tÝn hiÖu m¸y thu 

C¸c møc tÝn hiÖu chªnh lÖch cña m¸y thu ®îc quy ®Þnh trong b¶ng 1, víi VA’ 
vµ VB’ t¬ng øng lµ ®iÖn ¸p t¹i ®iÓm A’ vµ B’ so víi ®iÓm C’. 

B¶ng 1:  C¸c møc vi sai cã nghÜa cña m¸y thu 

     VA’ − VB’ ≤ - 0,3 V VA’ − VB’ ≥ + 0,3 V 

C¸c m¹ch sè liÖu 1 0 

C¸c m¹ch ®iÒu khiÓn vµ ®Þnh thêi OFF ON 

5.1.3 M¸y ph¸t 

5.1.3.1 §iÖn trë vµ ®iÖn ¸p lÖch mét chiÒu 

Yªu cÇu: 

- §iÖn trë gi÷a ®iÓm A vµ B cña m¸y ph¸t nhá h¬n hoÆc b»ng 100 Ω, ®ñ c©n 
b»ng so víi ®iÓm C. 

- Trong mäi ®iÒu kiÖn ho¹t ®éng, ®iÖn ¸p lÖch mét chiÒu cña m¸y ph¸t ph¶i 
nhá h¬n hoÆc b»ng 3,0 V. 

PhÐp ®o: Theo môc A.1.1. 

5.1.3.2 C¸c tham sè tÜnh 

a) Hë m¹ch 

Yªu cÇu: 

Khi nèi ®iÖn trë 3900 Ω gi÷a ®iÓm A vµ B, trong c¶ hai tr¹ng th¸i nhÞ ph©n, 
biªn ®é ®iÖn ¸p vi sai V0 ph¶i nhá h¬n hoÆc b»ng 6,0 V, c¶ V0a vµ V0b kh«ng ®îc 
lín h¬n 6,0 V (h×nh 4a). 

PhÐp ®o: Theo môc A.1.2a. 

b) KÕt cuèi  

Yªu cÇu: 

- Víi t¶i thö lµ hai ®iÖn trë 50 Ω m¾c nèi tiÕp gi÷a hai ®iÓm ra A vµ B. §iÖn 
¸p vi sai Vt kh«ng nhá h¬n gi¸ trÞ lín nhÊt trong hai gi¸ trÞ: 2,0 V hay 50% biªn ®é 
V0 (h×nh 4b). 

- Khi thay ®æi tr¹ng th¸i nhÞ ph©n, cùc tÝnh Vt sÏ bÞ ®¶o ngîc (-Vt), sù kh¸c 
nhau vÒ biªn ®é cña Vt vµ -Vt ph¶i nhá h¬n 0,4 V. 

- Biªn ®é ®iÖn ¸p lÖch mét chiÒu cña m¸y ph¸t, V0s, nhá h¬n hoÆc b»ng 3,0 V. 

- Sù kh¸c nhau vÒ biªn ®é cña V0s trong hai tr¹ng th¸i nhÞ ph©n ph¶i nhá  
h¬n 0,4 V.  

PhÐp ®o: Theo môc A.1.2b. 
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c) Ng¾n m¹ch 

Yªu cÇu:  

Khi nèi ng¾n m¹ch ®iÓm A vµ B víi ®iÓm C, dßng qua mçi ®iÓm lèi ra A hay 
B (trong h×nh 4c) trong c¶ hai tr¹ng th¸i nhÞ ph©n kh«ng lín h¬n 150 mA. 

PhÐp ®o: Theo môc A.1.2c. 

d) Ng¾t nguån 

Yªu cÇu: 

Khi ng¾t nguån, víi ®iÖn ¸p gi÷a mçi lèi ra vµ ®iÓm C trong d¶i tõ -0,25 V ®Õn 
+0,25 V (nh trong h×nh 4d), biªn ®é dßng rß lèi ra (Ixa vµ Ixb) kh«ng ®îc lín h¬n 

100 µA. 

PhÐp ®o: Theo môc A.1.2d. 

a) Tham sè hë m¹ch

6,0VV0 ≤

6,0VV0a ≤

6,0VV0b ≤

b) Tham sè kÕt cuèi

2VVt ≥

tV0,5V ≤
0

0,4VVV tt <−

3,0VV0s ≤

0,4V(0)V(1)V
0s0s <−

c) Tham sè ng¾n m¹ch

150mAIsa <

150mAIsb <

d) Tham sè t¾t nguån

A100Ixa µ<

A100Ixb µ<

G
V0b

V0a

V0

A

B

C

3,9 kΩ

G

A

B

C

50 Ω
Vt

*

50 Ω*
Vos

G

A

B

C

Isa

Isb

G

A

B

C

0,25 V±

0,25 V∓

Ixa

Ixb

* Phèi hîp

T
r¹

ng
 th

¸i
 lo

gi
c 

æn
 ®

Þn
h 

(1
 h

oÆ
c 

0)

−

 

H×nh 4: M¸y ph¸t - c¸c tham sè tÜnh 
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5.1.3.3 §é c©n b»ng ®éng ®iÖn ¸p vµ thêi gian sên lªn cña xung 

Yªu cÇu: 

- Víi tÝn hiÖu thö lèi vµo gåm c¸c bit “1” vµ “0” cã ®é réng xung danh ®Þnh tb, 

khi chuyÓn tiÕp gi÷a hai tr¹ng th¸i nhÞ ph©n, biªn ®é tÝn hiÖu lèi ra thay ®æi ®Òu gi÷a 

0,1 vµ 0,9 Vss trong kho¶ng thêi gian lín nhÊt trong hai gi¸ trÞ: 0,1 tb  hoÆc 20 ns (x¸c 

®Þnh trong h×nh 5). Sau ®ã, ®iÖn ¸p tÝn hiÖu sÏ kh«ng thay ®æi lín h¬n 10%Vss xung 

quanh gi¸ trÞ tr¹ng th¸i æn ®Þnh. 

- Gi¸ trÞ ®Ønh-®Ønh cña ®iÖn ¸p do kh«ng c©n b»ng ®iÖn trë g©y ra (VE) nhá 

h¬n 0,4 V. 

PhÐp ®o: Theo môc A.1.3. 

G VSS

VE

§Çu vµo

A

B

C

50 Ω a)

50 Ω a)

50 Ω

VE < 0,4 V ®Ønh - ®Ønh (t¹m thêi)

VSS HiÖu ®iÖn thÕ gi÷a c¸c tr¹ng th¸i tÝn hiÖu cã møc logic æn ®Þnh

a) Phèi hîp  

Tr¹ng th¸i
"0" æn ®Þnh

V
S

S

tb

tr + tr -

0.
1V

S
S

+-

0.
1V

S
S

+-

Tr¹ng th¸i
"1" æn ®Þnh

tb §é réng xung thö

tb    200 ns, tr    0,1 tb≥ ≤
tb    200 ns, tr    20 ns≥ ≤  

 

H×nh 5:  C©n b»ng ®éng vµ thêi gian sên lªn cña xung  
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5.1.4 T¶i 

5.1.4.1 C¸c ®Æc tÝnh 
T¶i gåm m¸y thu (R) vµ ®iÖn trë kÕt cuèi c¸p (Zt) nh m« t¶ trong h×nh 2. C¸c 

®Æc trng ®iÖn cña m¸y thu ®îc x¸c ®Þnh theo c¸c tham sè trong h×nh 6, 7 vµ 8, 
m« t¶ trong c¸c môc 5.1.4.2, 5.1.4.3 vµ 5.1.4.4. 

5.1.4.2 Dßng - ®iÖn ¸p lèi vµo m¸y thu 

- Víi ®iÖn ¸p Via (hoÆc Vib) cã gi¸ trÞ gi÷a -10 vµ +10 V khi Vib (hoÆc Via) 
b»ng 0 V, dßng vµo Iia (hay Iib) ph¶i cã gi¸ trÞ trong vïng giíi h¹n ë h×nh 6. 

- C¸c gi¸ trÞ trªn ¸p dông khi cã hoÆc kh«ng cã nguån nu«i. 
 

R

Iia
A'

B'

Via

Vib

Iib

§Çu ra

C'
 

 

-10 V -3 V

+3 V +10 V

-3,25 mA

+3,25 mA

 

H×nh 6: Dßng - ®iÖn ¸p lèi vµo m¸y thu 

5.1.4.3 §é nh¹y tÝn hiÖu lèi vµo DC 
Yªu cÇu: 
- M¸y thu ph¶i chuyÓn tr¹ng th¸i logic lèi ra chÝnh x¸c khi Vcm cã gi¸ trÞ trong 

d¶i -7 V tíi +7 V mµ kh«ng cÇn ®iÖn ¸p lèi vµo vi sai (Vi) lín h¬n 300 mV. §¶o 
ngîc cùc tÝnh cña Vi lµm cho m¸y thu chuyÓn sang tr¹ng th¸i nhÞ ph©n ngîc l¹i. 

- §iÖn ¸p gi÷a mét trong hai lèi vµo vµ ®Êt m¸y thu (Vcm) kh«ng ®îc lín h¬n 
10 V vµ kh«ng lµm háng m¸y thu. M¸y thu ph¶i chÞu ®îc ®iÖn ¸p vi sai cùc ®¹i  
12 V gi÷a c¸c lèi vµo mµ kh«ng bÞ h h¹i. 

- Khi cã tæ hîp ®iÖn ¸p Via vµ Vib (h×nh 7) x¸c ®Þnh trong b¶ng 2 ë lèi vµo, 
m¸y thu ph¶i duy tr× ®îc tr¹ng th¸i logic lèi ra mµ kh«ng bÞ h h¹i. 

PhÐp ®o: Theo môc A.1.4. 
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§Çu ra
R

Vib

Via

C'

B'

A'

Vi

 

 H×nh 7:  §é nh¹y lèi vµo DC cña m¸y thu 

B¶ng 2:  C¸c møc ®iÖn ¸p ®Çu vµo vµ ra 

§iÖn ¸p sö dông (V) 

Via Vib 

§iÖn ¸p lèi vµo 

Vi (V) 

Tr¹ng th¸i nhÞ 

ph©n lèi ra 
Môc ®Ých ®o kiÓm 

-12 

0 

+12 

0 

0 

-12 

0 

+12 

-12 

+12 

+12 

-12 

Kh«ng x¸c ®Þnh §¶m b¶o an toµn c¸c lèi vµo 

cña m¸y thu 

 

+10 

+4 

-10 

-4 

+4 

+10 

-4 

-10 

+6 

-6 

-6 

+6 

0 

1 

1 

0 

Duy tr× tr¹ng th¸i logic chÝnh x¸c 

t¹i  Vi = 6 V 

 

+0,30 

0 

 

0 

+0,30 

 

+0,3 

-0,3 

 

0 

1 

+7,15 

+6,85 

+6,85 

+7,15 

+0,3 

-0,3 

0 

1 

-7,15 

-6,85 

-6,85 

-7,15 

-0,3 

+0,3 

1 

0 

§o ngìng 300 mV 

=






cmV  0 V 

=






cmV  +7 V 

=






cmV  -7 V 

5.1.4.4 C©n b»ng lèi vµo 

§é c©n b»ng cña ®iÖn trë lèi vµo vµ c¸c thiªn ¸p bªn trong m¸y thu ph¶i ®¶m 

b¶o cho m¸y thu duy tr× æn ®Þnh tr¹ng th¸i nhÞ ph©n trong c¸c ®iÒu kiÖn ®îc chØ ra 

trong h×nh 8 vµ ®îc m« t¶ nh sau: 

a) Vi = +720 mV, Vcm thay ®æi trong kho¶ng -7 V ®Õn +7 V; 

b) Vi = -720 mV, Vcm thay ®æi trong kho¶ng -7 V ®Õn +7 V; 
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c) Vi = +300 mV, Vcm lµ sãng vu«ng cã gi¸ trÞ ®Ønh - ®Ønh 1,5 V t¹i tèc ®é sè 

liÖu cao nhÊt; 

d) Vi = -300 mV, Vcm lµ sãng vu«ng cã gi¸ trÞ ®Ønh - ®Ønh 1,5 V t¹i tèc ®é sè 

liÖu cao nhÊt. 

R

A'

B'

§Çu ra

C'

+
   V i
1
2

   V i
1
2

+
-

-

500Ω
a)

500Ω
a)

Vcm

a)
Phèi hîp  

H×nh 8: §é c©n b»ng lèi vµo cña m¸y thu 

5.1.4.5 KÕt cuèi 

Sö dông trë kh¸ng kÕt cuèi c¸p (Zt) lµ tuú chän. Trong mäi trêng hîp,  tæng 

®iÖn trë t¶i ph¶i nhá h¬n 100 Ω. 

5.2 C¸c ®Æc trng ®iÖn cña m¹ch trao ®æi kh«ng c©n b»ng 

§Æc trng ®iÖn cña c¸c m¹ch trao ®æi kh«ng c©n b»ng (c¸c m¹ch cßn l¹i cña 

b¶ng 2) tu©n thñ khuyÕn nghÞ ITU-T V.28, ®îc trÝch dÉn nguyªn vÑn sau ®©y. 

5.2.1 M¹ch trao ®æi t¬ng ®¬ng 

H×nh 9 lµ m¹ch trao ®æi t¬ng ®¬ng víi c¸c tham sè ®iÖn ®îc quy ®Þnh  

kÌm theo.  

M¹ch t¬ng ®¬ng kh«ng phô thuéc vµo vÞ trÝ m¸y ph¸t n»m trong thiÕt bÞ kÕt 

cuèi/ m¹ch sè liÖu vµ t¶i n»m trong thiÕt bÞ ®Çu cuèi sè liÖu hay ngîc l¹i. 

Trë kh¸ng cña m¸y ph¸t/ t¶i bao gåm c¶ trë kh¸ng cña c¸p n»m vÒ phÝa m¸y 

ph¸t/ t¶i cña ®iÓm trao ®æi. 

ThiÕt bÞ t¹i hai phÝa giao diÖn cã thÓ kÕt hîp c¸c m¸y ph¸t vµ c¸c m¸y thu theo 

tæ hîp bÊt kú. 

Trong c¸c øng dông truyÒn sè liÖu, c¸p giao diÖn ®îc cÊp bëi DTE. DTE vµ 

c¸p giao diÖn t¹o ra mét ®êng ph©n ®Þnh víi DCE. §êng ph©n ®Þnh nµy còng 

®îc gäi lµ ®iÓm trao ®æi vµ ®îc thùc hiÖn b»ng mét bé gi¾c nèi. C¸c øng dông  

còng yªu cÇu c¸c m¹ch trao ®æi theo hai híng nh minh häa trong h×nh 10. 
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V0 C0 CL

§
ê

ng
 p

h©
n 

®Þ
nh

V
1

M¹ch trao ®æi

§Êt tÝn hiÖu hay håi tiÕp chung

V0: §iÖn ¸p m¸y ph¸t hë m¹ch

R0: Tæng ®iÖn trë mét chiÒu hiÖu dông kÕt hîp víi m¸y ph¸t, ®o t¹i ®iÓm trao ®æi

C0: Tæng ®iÖn dung hiÖu dông kÕt hîp víi m¸y ph¸t, ®o t¹i ®iÓm trao ®æi

V1: §iÖn ¸p t¹i ®iÓm trao ®æi so víi ®Êt.

CL: Tæng ®iÖn dung hiÖu dông kÕt hîp víi t¶i, ®o t¹i ®iÓm trao ®æi

RL: Tæng ®iÖn trë mét chiÒu hiÖu dông kÕt hîp víi t¶i, ®o t¹i ®iÓm trao ®æi

EL: §iÖn ¸p t¶i hë m¹ch

§iÓm trao ®æiM¸y ph¸t T¶i

R0

RL

EL

 

H×nh 9: M¹ch trao ®æi t¬ng ®¬ng 

RL

EL

CL

§êng ph©n ®Þnh

§Êt tÝn hiÖu

DTE vµ c¸p

C0 V0

R0

V0

R0

C CL

Gi¾c nèi

DCE

EL

RL

 

H×nh 10: Minh häa thùc tÕ cña giao diÖn 
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5.2.2 T¶i 

C¸c ®iÒu kiÖn ®Ó ®o trë kh¸ng t¶i nh minh häa trong h×nh 11. Trë kh¸ng phÝa 

t¶i cña m¹ch trao ®æi cã ®iÖn trë mét chiÒu (RL), trong giíi h¹n: Ω<<Ω 7000R3000 L . 

Khi ®iÖn ¸p thö (Em) cã biªn ®é tõ 3 V ®Õn 15 V, th× dßng vµo (I) ®o ®îc ph¶i 

trong giíi h¹n: 

 
minmax,L

maxLm
maxmin, R

EE
I

±
=  

 §iÖn ¸p t¶i hë m¹ch, (EL) kh«ng ®îc lín h¬n 2 V. §iÖn dung rÏ m¹ch hiÖu 

dông cña t¶i, (CL), ®o t¹i ®iÓm trao ®æi kh«ng ®îc lín h¬n 2500 pF. 

+-Em

Imin

Imax

RL

M¸y ®o T¶i

§iÓm trao ®æi

M¹ch trao ®æi

+- EL

§Êt chung  
 H×nh 11: M¹ch kiÓm tra t¬ng ®¬ng 

5.2.3 M¸y ph¸t 

 Biªn ®é ®iÖn ¸p m¸y ph¸t hë m¹ch, (V0), trªn mét m¹ch trao ®æi bÊt kú 

kh«ng lín h¬n 15 V. 

Kh«ng quy ®Þnh trë kh¸ng phÝa m¸y ph¸t (R0 vµ C0) cña m¹ch trao ®æi. Tuy 

nhiªn, tæ hîp V0 vµ C0 ®îc lùa chän sao cho ng¾n m¹ch gi÷a hai m¹ch trao ®æi bÊt 

kú kh«ng g©y ra dßng lín h¬n 0,5 A. 

Ngoµi ra, khi ®iÖn ¸p hë m¹ch t¶i EL = 0, ®iÖn trë t¶i Ω<<Ω 7000R3000 L , th× 

®iÖn ¸p t¹i ®iÓm trao ®æi: V15VV5 1 ≤≤ . 

Kh«ng quy ®Þnh ®iÖn dung C0 t¹i phÝa m¸y ph¸t cña m¹ch trao ®æi. Tuy nhiªn, 
cïng víi ®iÖn trë t¶i RL, m¸y ph¸t cã kh¶ n¨ng t¶i tÊt c¶ c¸c ®iÖn dung phÝa m¸y 
ph¸t, C0, cïng víi ®iÖn dung t¶i CL = 2500 pF. 

5.2.4 §iÖn ¸p vµ møc logic 

§iÖn ¸p vµ møc logic ®èi víi c¸c m¹ch trao ®æi ®îc quy ®Þnh trong b¶ng 3. 
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B¶ng 3:  §iÖn ¸p vµ møc logic 

M¹ch trao ®æi V1 < - 3 V V1 > + 3 V 

Sè liÖu 

§iÒu khiÓn, ®Þnh thêi 

1 

OFF 

0 

ON 

5.2.5 C¸c ®Æc trng tÝn hiÖu 

C¸c giíi h¹n sau ¸p dông ®èi víi tÊt c¶ c¸c tÝn hiÖu trao ®æi (sè liÖu, ®iÒu 
khiÓn, ®Þnh thêi) t¹i ®iÓm trao ®æi khi m¹ch trao ®æi ®îc nèi víi m¹ch thu cã t¶i 
tho¶ m·n c¸c yªu cÇu x¸c ®Þnh trong môc 5.2.2 (trõ nhiÔu ngoµi). 

a. TÊt c¶ c¸c tÝn hiÖu ®i vµo vïng chuyÓn tiÕp sÏ tiÕp tôc qua vïng nµy tíi 
tr¹ng th¸i tÝn hiÖu ngîc l¹i vµ cho ®Õn khi cã sù thay ®æi tr¹ng th¸i tÝn hiÖu 
tiÕp theo, ngo¹i trõ ®iÒu kiÖn nh m« t¶ ë ®iÓm f). 

b. Khi tÝn hiÖu ®ang trong vïng chuyÓn tiÕp, kh«ng cã sù ®¶o ngîc híng 
thay ®æi ®iÖn ¸p, ngo¹i trõ ®iÒu kiÖn nh m« t¶ ë ®iÓm f). 

c. §èi víi c¸c m¹ch trao ®æi ®iÒu khiÓn, thêi gian tÝn hiÖu qua vïng chuyÓn 
tiÕp khi thay ®æi tr¹ng th¸i kh«ng lín h¬n 1 ms. 

d. §èi víi c¸c m¹ch trao ®æi sè liÖu vµ ®Þnh thêi, thêi gian tÝn hiÖu qua vïng 
chuyÓn tiÕp khi thay ®æi tr¹ng th¸i kh«ng lín h¬n gi¸ trÞ thÊp nhÊt trong hai 
gi¸ trÞ sau: 1 ms hoÆc 3% chu kú danh ®Þnh cña tr¹ng th¸i trªn m¹ch trao 
®æi. 

e. §Ó gi¶m xuyªn ©m gi÷a c¸c m¹ch trao ®æi, gi¸ trÞ cùc ®¹i cña tèc ®é thay 

®æi ®iÖn ¸p tøc thêi kh«ng ®îc lín h¬n 30 V/µs. 

f. Khi sö dông c¸c thiÕt bÞ c¬ ®iÖn trªn c¸c m¹ch trao ®æi, kh«ng ¸p dông ®iÓm 
a) vµ b) cho c¸c m¹ch trao ®æi sè liÖu. 

6. §Æc trng ®iÖn cña c¸c m¹ch trao ®æi giao diÖn V.35 

6.1 §Æc trng ®iÖn cña m¹ch trao ®æi c©n b»ng 

§Æc trng ®iÖn cña c¸c m¹ch trao ®æi c©n b»ng (m¹ch 103, 104, 113, 114 cña 
b¶ng 1) tu©n thñ phô lôc II trong khuyÕn nghÞ ITU-T V.35, ®îc trÝch dÉn nguyªn 
vÑn sau ®©y. 

6.1.1 M¸y ph¸t 

M¹ch nµy ph¶i tu©n theo c¸c yªu cÇu sau: 

a. Trë kh¸ng nguån trong d¶i tõ 50 ®Õn 150 Ω; 

b. §iÖn trë gi÷a c¸c ®Çu cuèi bÞ ng¾n m¹ch vµ m¹ch 102: 150 ± 15 Ω. 
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c. Khi kÕt cuèi b»ng t¶i thuÇn trë 100 Ω, ®iÖn ¸p ®Çu cuèi - ®Çu cuèi ph¶i cã 
gi¸ trÞ 0,55 V ± 20%, sao cho ®Çu cuèi A d¬ng so víi ®Çu cuèi B khi ph¸t 
bit “0” vµ tr¹ng th¸i sÏ ®¶o l¹i khi ph¸t bit “1”. 

d. Thêi gian t¨ng tõ ®iÓm 10% tíi 90% cña bÊt kú sù thay ®æi tr¹ng th¸i khi 
kÕt cuèi nh trong môc c) ph¶i nhá h¬n gi¸ trÞ lín nhÊt trong hai gi¸ trÞ sau: 
1% ®é réng xung danh ®Þnh cña phÇn tö tÝn hiÖu bÊt kú hoÆc 40 ns. 

e. Trung b×nh sè häc ®iÖn ¸p ®Çu cuèi A so víi m¹ch 102 vµ ®Çu cuèi B so víi 
m¹ch 102 (®iÖn ¸p lÖch mét chiÒu) kh«ng lín h¬n 0,6 V khi ®îc kÕt cuèi 
nh trong môc c). 

6.1.2 T¶i  

T¶i ph¶i tu©n theo c¸c yªu cÇu sau: 

a. Trë kh¸ng lèi vµo trong kho¶ng: 100 ± 10 Ω, lµ thuÇn trë trong d¶i tÇn  
ho¹t ®éng; 

b. §iÖn trë gi÷a c¸c ®Çu cuèi ng¾n m¹ch vµ m¹ch 102: 150 ± 15 Ω. 

6.1.3 C¸p 

C¸p giao diÖn ph¶i lµ c¸p kim lo¹i nhiÒu ®«i c©n b»ng víi gi¸ trÞ trë kh¸ng ®Æc 

tÝnh gi÷a 80 vµ 120 Ω t¹i tÇn sè c¬ b¶n cña d¹ng sãng ®Þnh thêi. 

6.2 §Æc trng ®iÖn cña m¹ch trao ®æi kh«ng c©n b»ng 

C¸c ®Æc trng ®iÖn cña c¸c m¹ch trao ®æi kh«ng c©n b»ng (c¸c m¹ch cßn l¹i 
cña b¶ng 1) tu©n thñ khuyÕn nghÞ ITU-T V.28 nh ®· ®îc trÝch dÉn trong môc 5.2.  

7. §Æc trng ®iÖn cña giao diÖn G.703 64 kbit/s 

7.1 Cæng lèi ra 

7.1.1 M· ho¸ tÝn hiÖu  

Yªu cÇu: 

TÝn hiÖu ph¸t tõ cæng lèi ra ph¶i tu©n theo c¸c nguyªn t¾c m· ho¸ nh sau: 

Bíc 1: Mét chu kú bit 64 kbit/s ®îc chia thµnh 4 kho¶ng ®¬n vÞ 

Bíc 2: Bit nhÞ ph©n 1 ®îc m· ho¸ thµnh khèi bèn bit: 1100 

Buíc 3: Bit nhÞ ph©n 0 ®îc m· ho¸ thµnh khèi bèn bit: 1010 

Bíc 4: TÝn hiÖu nhÞ ph©n ®îc chuyÓn thµnh tÝn hiÖu ba møc b»ng c¸ch thay 
thÕ lu©n phiªn cùc tÝnh c¸c khèi. 
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Bíc 5: Sù thay thÕ cùc tÝnh cña c¸c khèi ®îc thùc hiÖn cø sau 8 khèi, ®¸nh 
dÊu bit cuèi trong mçi byte. 

C¸c nguyªn t¾c chuyÓn ®æi minh häa trong h×nh 12. 

PhÐp ®o: Theo môc A.2.1. 

Sè bit 7

1

8

0

1

0

2

1

3

0

4

0

5

1

6

1

7

1

8

0

1

1Sè liÖu 64 kbit/s

Bíc 1-3

Bíc 4

Bíc 5

B¾t buéc B¾t buéc

§Þnh thêi Octet  
H×nh 12: Nguyªn t¾c m· ho¸ 

7.1.2 D¹ng xung 
Yªu cÇu: D¹ng xung t¹i cæng lèi ra ph¶i tu©n theo c¸c yªu cÇu trong b¶ng 4 

vµ c¸c h×nh 13, 14. 

PhÐp ®o: Theo môc A.2.2. 

B¶ng 4: D¹ng xung lèi ra 

D¹ng xung (danh ®Þnh lµ vu«ng) 
TÊt c¶ c¸c xung cña tÝn hiÖu hîp lÖ ph¶i tu©n theo 

giíi h¹n nh h×nh 13 vµ 14, kh«ng kÓ ®Õn cùc tÝnh 

C¸p cho mçi híng truyÒn Mét ®«i d©y ®èi xøng 

Trë kh¸ng t¶i thö 120 Ω, thuÇn trë 

§iÖn ¸p ®Ønh danh ®Þnh møc cao (cã xung) 1,0 V 

§iÖn ¸p ®Ønh møc thÊp (kh«ng xung) 0 ± 0,1 V 

§é réng xung danh ®Þnh 3,9 µs ®èi víi xung ®¬n 

7,8 µs ®èi víi xung kÐp 

TØ lÖ biªn ®é xung d¬ng vµ ©m tÝnh tõ 

®iÓm gi÷a ®é réng xung danh ®Þnh 

Tõ 0,95 tíi 1,05 

TØ lÖ c¸c ®é réng xung d¬ng vµ ©m tÝnh tõ 
®iÓm gi÷a biªn ®é xung  

Tõ 0,95 tíi 1,05 
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H×nh 13: Giíi h¹n ®èi víi xung ®¬n 

V
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0,5
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8,19
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11,7
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1
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1
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sµ
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H×nh 14:  Giíi h¹n ®èi víi xung kÐp 
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7.1.3 §Þnh thêi lèi ra 

ThiÕt bÞ ®Çu cuèi ph¶i cã kh¶ n¨ng: 

- §ång bé ®Þnh thêi lèi ra víi tÝn hiÖu ®Þnh thêi thu ®îc t¹i phÝa thu cña giao 

diÖn; hay 

-  §ång bé ®Þnh thêi lèi ra víi tÝn hiÖu chuÈn bªn ngoµi (chÕ ®é ho¹t ®éng cËn 
®ång bé). 

Chó ý: Yªu cÇu trªn kh«ng lo¹i trõ c¸c nguån ®Þnh thêi phô, vÝ dô nguån xung 
nhÞp néi. 

7.1.4 Rung pha lèi ra 

Yªu cÇu: Rung pha ®Ønh - ®Ønh lèi ra kh«ng ®îc lín h¬n c¸c gi¸ trÞ quy ®Þnh 
trong b¶ng 5. 

PhÐp ®o: Theo môc A.2.5. 

B¶ng 5:  Gi¸ trÞ rung pha lèi ra cùc ®¹i 

B¨ng th«ng bé läc ®o 

B¨ng cao B¨ng thÊp 
Rung pha lèi ra ®Ønh-®Ønh (cùc ®¹i) 

20 Hz 20 kHz 0,25 UI 

3 kHz 20 kHz 0,05 UI 

Chó ý: 0,25 UI = 3,9 ms; 0,05 UI = 0,78 ms 

7.1.5 Trë kh¸ng so víi ®Êt 

Yªu cÇu: Khi thiÕt bÞ ®Çu cuèi cã nèi ®Êt, trë kh¸ng so víi ®Êt cña cæng lèi ra 

ph¶i lín h¬n 1000 Ω trong d¶i tÇn tõ 10 Hz tíi 1 MHz khi ®o víi ®iÖn ¸p tÝn hiÖu 
thö h×nh sin cã biªn ®é 2 V r.m.s. 

PhÐp ®o: Theo môc A.2.6. 

7.1.6 Suy hao chuyÓn ®æi däc (LCL) 

Yªu cÇu: Khi thiÕt bÞ ®Çu cuèi cã nèi ®Êt, suy hao chuyÓn ®æi däc cæng lèi ra 
kh«ng nhá h¬n c¸c gi¸ trÞ quy ®Þnh trong b¶ng 6. 

PhÐp ®o: Theo môc A.2.7. 

B¶ng 6:  Suy hao chuyÓn ®æi däc lèi ra 

TÇn sè Suy hao chuyÓn ®æi däc 

3,4 kHz 40 dB 

3,4 kHz tíi 34 kHz Gi¶m  20 dB/10 ®é chia tõ 40 dB xuèng 20 dB 

34 kHz tíi 256 kHz 20 dB 
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7.2 Cæng lèi vµo 

7.2.1 M· ho¸ tÝn hiÖu 

Yªu cÇu: Cæng lèi vµo ph¶i gi¶i m· kh«ng cã lçi tÝn hiÖu ®· ®îc m· ho¸ tu©n 
theo c¸c nguyªn t¾c m· ho¸ trong môc 7.1.1. 

PhÐp ®o: Theo môc A.2.3. 

7.2.2 Giíi h¹n xung nhÞp lèi vµo 

ThiÕt bÞ ®Çu cuèi ph¶i ho¹t ®éng kh«ng cã lçi víi tÝn hiÖu m· ho¸ theo c¸c 
nguyªn t¾c m· ho¸ trong môc 7.1.1 trong d¶i 64 kbit/s ± 100 ppm. 

7.2.3 Giíi h¹n rung pha lèi vµo 

Yªu cÇu: ThiÕt bÞ ®Çu cuèi ph¶i ho¹t ®éng kh«ng cã lçi víi rung pha lèi vµo 
h×nh sin cùc ®¹i quy ®Þnh trong h×nh 15 vµ b¶ng 7. 

PhÐp ®o: Theo môc A.2.5. 

A2

A1

f1 f2 f3 f4
TÇn sè rung pha

Rung pha ®Ønh - ®Ønh

 

H×nh 15: Giíi h¹n rung pha lèi vµo 

B¶ng 7: Giíi h¹n rung pha lèi vµo 

Biªn ®é ®Ønh - ®Ønh, UI TÇn sè, Hz 

A1 A2 f1 f2 f3 f4 

0,25 0,05 20 600 3000 20000 

Chó ý: 0,25 UI = 3,9 µs; 0,05 UI = 0,78 µs 
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7.2.4 Giíi h¹n suy hao lèi vµo 

Yªu cÇu: Cæng lèi vµo ph¶i hiÓu chÝnh x¸c tÝn hiÖu 64 kbit/s lèi vµo tu©n theo 
c¸c nguyªn t¾c m· ho¸ trong môc 7.1.1 sau khi qua ®«i d©y c¸p víi c¸c ®Æc tÝnh sau: 

a. Suy hao tu©n theo luËt f , suy hao t¹i tÇn sè 128 kHz n»m trong d¶i tõ 0 tíi  
3 dB; 

b. Trë kh¸ng ®Æc tÝnh b»ng 120 Ω ± 20% trong d¶i tÇn tõ 200 kHz ®Õn 1 MHz; 

b»ng 120 Ω ± 10% t¹i 1 MHz. 

PhÐp ®o: Theo môc A.2.3. 

7.2.5 MiÔn nhiÔm víi c¸c ph¶n x¹ 

Yªu cÇu: 

- Kh«ng cã lçi xuÊt hiÖn khi tæ hîp cña mét tÝn hiÖu thêng vµ mét tÝn hiÖu 
nhiÔu qua c¸p nh©n t¹o cã suy hao t¹i tÇn sè 128 kHz n»m trong d¶i tõ 0 tíi 3 dB 
®îc ®a tíi lèi vµo. 

- TÝn hiÖu thêng lµ chuçi bit gi¶ ngÉu nhiªn ®é dµi 211-1 tu©n theo quy ®Þnh ë 
môc 2.1 cña khuyÕn nghÞ ITU-T O.152 (tham kh¶o phô lôc B.3) vµ c¸c nguyªn t¾c 
m· ho¸ trong môc 7.1.1, cã d¹ng sãng tho¶ m·n c¸c ®iÒu kiÖn trong h×nh 13 vµ 14. 

- TÝn hiÖu nhiÔu lµ tÝn hiÖu cã cïng d¹ng nh tÝn hiÖu danh ®Þnh nhng cã møc 
thÊp h¬n so víi tÝn hiÖu danh ®Þnh 20 dB víi tèc ®é 64 kbit/s ± 100 ppm, kh«ng 
®ång bé víi tÝn hiÖu danh ®Þnh.  

PhÐp ®o: Theo môc A.2.3. 

7.2.6 Suy hao ph¶n x¹  

Yªu cÇu: Suy hao ph¶n x¹ lèi vµo t¬ng øng víi ®iÖn trë 120 Ω t¹i giao diÖn 
ph¶i lín h¬n hoÆc b»ng c¸c gi¸ trÞ quy ®Þnh trong b¶ng 8. 

PhÐp ®o: Theo môc A.2.4. 

B¶ng 8:  Suy hao ph¶n x¹ lèi vµo 
TÇn sè Suy hao ph¶n x¹ 

4 kHz tíi13 kHz 12 dB 

13 kHz tíi 256 kHz 18 dB 

256 kHz tíi 384 kHz 14 dB 

7.2.7 Trë kh¸ng so víi ®Êt 

Yªu cÇu: Khi thiÕt bÞ ®Çu cuèi cã nèi ®Êt, trë kh¸ng so víi ®Êt cña cæng lèi 

vµo ph¶i lín h¬n 1000 Ω trong d¶i tÇn tõ 10 Hz ®Õn 1 MHz khi ®o víi ®iÖn ¸p tÝn 
hiÖu thö h×nh sin cã biªn ®é 2 V r.m.s. 

PhÐp ®o: Theo môc A.2.6. 



  TCN 68 - 216: 2002  

 25 

7.2.8 Suy hao chuyÓn ®æi däc (LCL) 

Yªu cÇu: Khi thiÕt bÞ ®Çu cuèi cã nèi ®Êt, suy hao chuyÓn ®æi däc cña cæng 
lèi vµo kh«ng nhá h¬n c¸c gi¸ trÞ quy ®Þnh trong b¶ng 9. 

PhÐp ®o: Theo môc A.2.7. 

B¶ng 9:  Suy hao chuyÓn ®æi däc cæng lèi vµo 

TÇn sè Suy hao chuyÓn ®æi däc 

3,4 kHz 40 dB 

3,4 kHz tíi 34 kHz Gi¶m 20 dB/10 ®é chia tõ 40 dB xuèng 20 dB 

34 kHz tíi 256 kHz 20 dB 

Ghi chó: §èi víi tÝn hiÖu cã tèc ®é n × 64 kbit/s (n = 2 ÷ 31) ®îc ®Þnh tuyÕn 
qua thiÕt bÞ ghÐp kªnh 2048 kbit/s th× giao diÖn ph¶i cã cïng ®Æc tÝnh ®iÖn/vËt lý 
víi giao diÖn 2048 kbit/s. 
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Phô lôc A 
(Quy ®Þnh) 

 

A.1 Ph¬ng ph¸p ®o c¸c ®Æc trng ®iÖn cña giao diÖn V.11 

A.1.1 §iÖn ¸p lÖch mét chiÒu cña m¸y ph¸t 

CÊu h×nh ®o: h×nh A.1.1. 

Thùc hiÖn: 

- M¾c nèi tiÕp hai ®iÖn trë cã gi¸ trÞ 50 Ω gi÷a hai ®iÓm A vµ B.  

- §o ®iÖn ¸p gi÷a A vµ B, ®iÖn ¸p ®iÓm gi÷a hai ®iÖn trë vµ ®iÓm C trong hai 
tr¹ng th¸i nhÞ ph©n “1” vµ “0”. 

 - Trong c¶ hai trêng hîp, gi¸ trÞ tuyÖt ®èi cña ®iÖn ¸p lÖch mét chiÒu kh«ng 
®îc lín h¬n 3 V. Thay ®æi vÒ gi¸ trÞ tuyÖt ®èi cña biªn ®é ®iÖn ¸p lÖch mét chiÒu 
kh«ng lín h¬n 0,3 V.  

V1

A

B

C

50 Ω

50 Ω

G

V2

 
 H×nh A.1.1:  §o ®iÖn ¸p lÖch mét chiÒu m¸y ph¸t 

A.1.2 C¸c tham sè tÜnh 

a) Hë m¹ch 

CÊu h×nh ®o: h×nh A.1.2a. 

Thùc hiÖn: 

- §o ®iÖn ¸p gi÷a A vµ B, gi÷a A vµ C, gi÷a B vµ C trong c¶ hai trêng hîp 
tr¹ng th¸i nhÞ ph©n lµ “1” vµ “0”. 

- Trong c¶ hai trêng hîp, gi¸ trÞ tuyÖt ®èi cña c¸c ®iÖn ¸p ®o ®îc ph¶i nhá 
h¬n hoÆc b»ng 6,0 V. 
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b) KÕt cuèi 

CÊu h×nh ®o: h×nh A.1.2b. 

Thùc hiÖn: 

- C«ng t¾c S1 ë vÞ trÝ ®ãng, c«ng t¾c S2 ë vÞ trÝ më. §o ®iÖn ¸p gi÷a A vµ B 
b»ng v«n kÕ V1. §©y lµ gi¸ trÞ V0. 

- TiÕp theo, c«ng t¾c S1 ë vÞ trÝ më, c«ng t¾c S2 ë vÞ trÝ ®ãng. V1 chØ gi¸ trÞ ®iÖn 
¸p Vt, V2 chØ gi¸ trÞ ®iÖn ¸p Vos. 

- Thùc hiÖn c¸c bíc trªn trong c¶ hai trêng hîp tr¹ng th¸i nhÞ ph©n lµ “1”  
vµ “0”.  

G

A

B

C

50 Ω
Vt

50 Ω
V2

G

A

B

C

A1

A2

G

A

B

C

A1

A2

a) PhÐp ®o hë m¹ch

S1

S2

3,9 kΩ

0,25 V±

b) PhÐp ®o kÕt cuèi

c) PhÐp ®o ng¾n m¹ch

d) PhÐp ®o t¾t nguån

G
V3

V2

V1

A

B

C

3,9 kΩ

T
r¹

ng
 th
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H×nh A.1.2:  §o c¸c tham sè tÜnh cña m¸y ph¸t 
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c) Ng¾n m¹ch 

CÊu h×nh ®o: h×nh A.1.2c. 

Thùc hiÖn: 

- §o c¸c gi¸ trÞ dßng lèi ra tõ A ®Õn C vµ tõ B ®Õn C trong c¶ hai trêng hîp 
tr¹ng th¸i nhÞ ph©n tÝn hiÖu lèi ra lµ “1” vµ “0”. 

- Gi¸ trÞ tuyÖt ®èi dßng ®o ®îc ph¶i nhá h¬n 150 µA.  

d) Ng¾t nguån 

CÊu h×nh ®o: h×nh A.1.2d. 

Thùc hiÖn: 

- T¾t nguån m¸y ph¸t; 

- §Æt ®iÖn ¸p gi÷a mçi ®Çu ra A, B vµ ®iÓm C trong d¶i - 0,25 V tíi +0,25 V; 

- §o dßng lèi ra b»ng c¸c micro ampe kÕ A1 vµ A2; 

- Gi¸ trÞ tuyÖt ®èi cña dßng ®o ®îc ph¶i nhá h¬n 100 µA. 

A.1.3 §é c©n b»ng ®éng ®iÖn ¸p vµ thêi gian sên lªn cña xung 

CÊu h×nh ®o: h×nh A.1.3. 

Thùc hiÖn: 

- M¸y ph¸t t¹o tÝn hiÖu lèi vµo gåm c¸c xung “1” vµ “0” liªn tiÕp víi ®é réng 
xung tb cã thÓ thay ®æi ®îc quanh gi¸ trÞ 200 ns. 

- Dïng m¸y hiÖn sãng ®o d¹ng sãng gi÷a hai ®iÓm A vµ B. Gi¸ trÞ ®iÖn ¸p 
®Ønh - ®Ønh gi÷a hai ®iÓm A vµ B ph¶i nhá h¬n 0,4 V. 

- Dïng m¸y hiÖn sãng ®o d¹ng sãng gi÷a hai ®iÓm C vµ D. Khi ®é réng xung 

danh ®Þnh cña tÝn hiÖu thö, tb ≥ 200 ns, thêi gian sên lªn cña xung ®Çu ra tr ≤ 0,1tb. 

Khi tb ≤ 200 ns, thêi gian sên lªn cña xung ®Çu ra tr ≤ 20 ns. 

G

A

B

C

50 Ω

50 Ω

50 Ω

D

VG

   

H×nh A.1.3:  §o c©n b»ng ®éng ®iÖn ¸p thêi gian sên lªn cña xung 
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A.1.4 §é nh¹y tÝn hiÖu lèi vµo DC 

CÊu h×nh ®o: h×nh A.1.4. 

Thùc hiÖn: 

- §Æt c¸c ®iÖn ¸p lèi vµo Via, Vib vµ ®iÖn ¸p Vi theo c¸c gi¸ trÞ quy ®Þnh trong 
b¶ng A.1. X¸c ®Þnh gi¸ trÞ nhÞ ph©n lèi ra cã tu©n thñ theo b¶ng A.1 hay kh«ng. 

R
Via

Vi

Vib C'

B'

A'

§Çu ra

 
H×nh A.1.4: §o ®é nh¹y tÝn hiÖu lèi vµo DC 

B¶ng A.1: C¸c møc ®iÖn ¸p thö 

§iÖn ¸p sö dông (V) 

Via Vib 
§iÖn ¸p lèi vµo (V) Tr¹ng th¸i nhÞ ph©n lèi ra 

-12 

0 

+12 

0 

0 

-12 

0 

+12 

-12 

+12 

+12 

-12 

Kh«ng x¸c ®Þnh 

+10 

+4 

-10 

-4 

+4 

+10 

-4 

-10 

+6 

-6 

-6 

+6 

0 

1 

1 

0 

+0,30 

0 

 

+7,15 

+6,85 

 

-7,15 

-6,85 

0 

+0,30 

 

+6,85 

+7,15 

 

-6,85 

-7,15 

+0,3 

-0,3 

 

+0,3 

-0,3 

 

-0,3 

+0,3 

0 

1 

 

0 

1 

 

1 

0 

A.2 Ph¬ng ph¸p ®o c¸c ®Æc trng ®iÖn giao diÖn G.703 64 kbit/s 

A.2.1 M· ho¸ tÝn hiÖu t¹i cæng lèi ra 

CÊu h×nh ®o: h×nh A.2.1 
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Thùc hiÖn: 

- ThiÕt bÞ ®Çu cuèi ph¸t luång bit cã c¶ bit nhÞ ph©n 1 vµ 0, vÝ dô PRBS(211- 1).  

- Dïng thiÕt bÞ ®o gi¸m s¸t luång bit ra. Trong kho¶ng thêi gian ®o lµ 5 phót, 
tèi thiÓu cã 1 phót kh«ng lçi. 

RX

TX

ThiÕt bÞ
®Çu cuèi

RX

TX

ThiÕt bÞ
®o

 

H×nh A.2.1: §o m· ho¸ tÝn hiÖu t¹i cæng lèi ra 

A.2.2 D¹ng xung t¹i cæng lèi ra 

CÊu h×nh ®o: h×nh A.2.2. 

Thùc hiÖn:  

- ThiÕt bÞ ®Çu cuèi ph¸t c¸c xung cã kho¶ng trèng vµ dÊu. Dïng thiÕt bÞ ®o, ®o 
biªn ®é vµ d¹ng c¸c xung d¬ng vµ ©m (®o t¹i t©m kho¶ng thêi gian xung) vµ ®é 
réng xung d¬ng vµ ©m (®o t¹i ®iÓm gi÷a danh ®Þnh biªn ®é xung, nghÜa lµ 0,5 V).  

- §é chÝnh x¸c phÐp ®o ph¶i tèt h¬n 30 mV. ThiÕt bÞ ®o cã kh¶ n¨ng ghi l¹i 
thµnh phÇn DC, b¨ng th«ng lín h¬n hoÆc b»ng 200 MHz. 

ThiÕt bÞ
®Çu cuèi

ThiÕt bÞ
®oT

TX

T = §iÖn trë kÕt cuèi
120         0,25%Ω ±

RX

RX

 

H×nh A.2.2: §o d¹ng xung lèi ra 

A.2.3 M· ho¸, giíi h¹n suy hao lèi vµo vµ miÔn nhiÔm ®èi víi c¸c ph¶n x¹ 

CÊu h×nh ®o: h×nh A.2.3. 

Thùc hiÖn:  

- M¸y ®o vµ m¸y ph¸t mÉu t¹o c¸c tÝn hiÖu lµ chuçi bit gi¶ ngÉu nhiªn ®é dµi 
(211- 1) tu©n theo quy ®Þnh ë môc 2.1 cña khuyÕn nghÞ ITU-T O.152 vµ c¸c nguyªn 
t¾c m· ho¸ trong môc 7.1.1, cã d¹ng sãng tho¶ m·n c¸c ®iÒu kiÖn trong h×nh 13 vµ 14. 

- TÝn hiÖu nhiÔu tõ m¸y ph¸t mÉu cã cïng d¹ng nh tÝn hiÖu thö víi tèc ®é  
64 kbit/s ± 100 ppm, kh«ng ®ång bé víi tÝn hiÖu thö. 

- M¹ng kÕt hîp cã trë kh¸ng 120 Ω, tÝn hiÖu nhiÔu ®îc ®a vµo nh¸nh suy 
hao 20 dB cña m¹ng, tÝn hiÖu thö ®îc ®a vµo nh¸nh cã suy hao 0 dB. 
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- Bé m« pháng c¸p cã suy hao 3 dB t¹i tÇn sè 128 kHz vµ ®Æc tÝnh suy hao 
tu©n theo luËt f .  

- Gi¸m s¸t sè liÖu lèi ra trong c¸c ®iÒu kiÖn: 

a. Kh«ng cã bé m« pháng c¸p vµ tÝn hiÖu nhiÔu, cã tÝn hiÖu thö PRBS tõ m¸y 
®o; vµ 

b. Cã bé m« pháng c¸p vµ kh«ng cã tÝn hiÖu nhiÔu; vµ 

c. Kh«ng cã bé m« pháng c¸p vµ cã tÝn hiÖu nhiÔu; vµ 

d. Cã bé m« pháng c¸p vµ cã tÝn hiÖu nhiÔu. 

+ Tr¸o d©y nèi tíi thiÕt bÞ ®Çu cuèi vµ lÆp l¹i phÐp ®o 

+ Trong thêi gian ®o 5 phót, tèi thiÓu cã 1 phót sè liÖu thu ®îc tõ thiÕt bÞ 
®Çu cuèi gièng víi tÝn hiÖu ®îc t¹o ra. 

Chó ý: LuËt f cña bé m« pháng c¸p ®îc ¸p dông trong d¶i tÇn tõ 100 kHz 
tíi 1 MHz. 

ThiÕt bÞ
®Çu cuèi

RX
Bé m«

pháng c¸p
M¹ng kÕt hîp

vµ suy hao

M¸y ®o

TX

RX

M¸y ph¸t mÉu

TX
 

H×nh A.2.3:  §o giíi h¹n suy hao lèi vµo vµ tÝnh miÔn nhiÔm ®èi víi c¸c ph¶n x¹ 

A.2.4 Suy hao ph¶n x¹ t¹i cæng lèi vµo 

CÊu h×nh ®o: h×nh A.2.4. 

Thùc hiÖn:  

- M¸y ph¸t t¹o tÝn hiÖu thö h×nh sin cã biªn ®é ®Ønh 1 V tÇn sè gi÷a 4 kHz vµ 
384 kHz.  

- §o ®iÖn ¸p t¹i mét nh¸nh cÇu b»ng v«n kÕ chän tÇn cãp b¨ng th«ng nhá h¬n  
1 kHz. 

- Gi¸ trÞ suy hao ph¶n x¹ ®o ®îc ph¶i lín h¬n hoÆc b»ng c¸c gi¸ trÞ cho trong 
b¶ng 8. 

ThiÕt bÞ
®Çu cuèi

RX M¹ch cÇu T

M¸y ph¸t

V«n kÕ
 

T: §iÖn trë kÕt cuèi, 120 Ω  ±0,25% 

H×nh A.2.4:  §o suy hao ph¶n x¹ t¹i cæng lèi vµo 
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A.2.5 Rung pha lèi vµo vµ ra 

CÊu h×nh ®o: h×nh A.2.5. 

Thùc hiÖn:  

- ThiÕt bÞ ®Çu cuèi cã thÓ cÊu h×nh nh sau: 

+ §Þnh thêi lèi ra chuÈn theo xung nhÞp néi, hoÆc 

+ §Þnh thêi lèi ra chuÈn theo nguån xung nhÞp ngoµi bÊt kú. 

- Nguån ®iÒu chÕ cã thÓ ë trong m¸y ph¸t xung nhÞp hoÆc m¸y ph¸t mÉu. M¸y 
ph¸t mÉu t¹o tÝn hiÖu chuçi gi¶ ngÉu nhiªn 211- 1. PhÐp ®o thùc hiÖn víi tèc ®é sè 
liÖu danh ®Þnh 64 kbit/s. Cã thÓ cÇn thiÕt ®ång bé m¸y ph¸t mÉu víi: 

+ Cæng lèi ra thiÕt bÞ ®Çu cuèi khi thiÕt bÞ ®Çu cuèi ho¹t ®éng ë chÕ ®é 
nguån xung nhÞp néi, hoÆc 

+ Víi nguån ®ång bé ngoµi khi thiÕt bÞ ®Çu cuèi ®ång bé theo nguån nµy 
®Ó tr¸nh kh¶ n¨ng x¶y ra c¸c trît. 

- Nguån ®iÒu chÕ cho lèi vµo tÝn hiÖu thiÕt bÞ ®Çu cuèi t¹o ra c¸c thµnh phÇn 
rung pha h×nh sin t¹i c¸c ®iÓm trªn ®å thÞ h×nh 15 vµ b¶ng 7. 

Trong thêi gian ®o, yªu cÇu kh«ng cã lçi bit xuÊt hiÖn, gi¸ trÞ rung pha ®Ønh - 
®Ønh tu©n theo b¶ng 5. 

Nguån ®iÒu chÕ

PRBS víi rung
pha cùc ®¹i
cho phÐp

M¸y ph¸t
xung nhÞp

M¸y ph¸t mÉu

Nguån ®iÒu chÕ

M¸y ph¸t
xung nhÞp

ThiÕt bÞ
®Çu cuèi

Bé so s¸nh mÉu

ThiÕt bÞ
®o rung pha

Nguån ®Þnh
thêi riªng

RX

TX

 

H×nh A.2.5: §o rung pha vµo vµ ra 

A.2.6 Trë kh¸ng so víi ®Êt 

CÊu h×nh ®o: h×nh A.2.6. 

Thùc hiÖn: 

- M¸y ph¸t t¹o tÝn hiÖu h×nh sin (Vgen) biªn ®é 2V r.m.s ± 20 mV, d¶i tÇn tõ  
10 Hz tíi 1 MHz. §o ®iÖn ¸p thö Vtest. 

- Gi¸ trÞ Vtest ph¶i nhá h¬n 19,2 V r.m.s. 
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M¸y ph¸t

ThiÕt bÞ
®Çu cuèi

RX hoÆc TX

60 Ω

60 Ω

Vgen

Vtest
10 1%Ω ±

 
H×nh A.2.6: §o trë kh¸ng so víi ®Êt 

A.2.7 Suy hao chuyÓn ®æi däc 

CÊu h×nh ®o: h×nh A.2.7. 

Thùc hiÖn: 

- M¸y ph¸t t¹o tÝn hiÖu thö h×nh sin (Vgen) ®iÖn ¸p 1 V r.m.s ± 10 mV, tÇn sè 
bÊt kú trong d¶i tõ 3,4 kHz tíi 256 kHz.  

- Suy hao chuyÓn ®æi däc ( )testgen V/Vlog20 ph¶i lín h¬n hoÆc b»ng c¸c gi¸ trÞ 

cho trong b¶ng 6 vµ b¶ng 9.  

M¸y ph¸t

ThiÕt bÞ
®Çu cuèi

RX hoÆc TX

60 Ω

60 Ω

Vgen

Vtest

 
H×nh A.2.7:  §o suy hao chuyÓn ®æi däc 

A.3 Ph¬ng ph¸p ®o c¸c ®Æc trng ®iÖn t¹i giao diÖn V.35 

T¬ng tù nh ph¬ng ph¸p ®o c¸c ®Æc trng ®iÖn t¹i giao diÖn V.11. 

A.4 C¸c m¹ch trao ®æi t¹i giao diÖn 

A.4.1 Giao diÖn V.35 
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C¸c m¹ch trao ®æi t¹i giao diÖn V.35 tu©n thñ theo b¶ng A.4.1. 

B¶ng A.4.1: C¸c m¹ch trao ®æi t¹i giao diÖn V.35 

Ký hiÖu Chøc n¨ng 

102 §Êt tÝn hiÖu 

103 Sè liÖu ph¸t 

104 Sè liÖu thu 

105 Yªu cÇu ph¸t 

106 S½n sµng ph¸t 

107 M¹ch sè liÖu s½n sµng 

109 Ph¸t hiÖn cã tÝn hiÖu ®êng d©y trªn kªnh sè liÖu 

114 NhÞp tÝn hiÖu ph¸t 

115 NhÞp tÝn hiÖu thu 

A.4.2 Giao diÖn V.11 

C¸c m¹ch trao ®æi t¹i giao diÖn V.11 tu©n thñ theo b¶ng A.4.2 

B¶ng A.4.2: C¸c m¹ch trao ®æi t¹i giao diÖn V.11 

Ký hiÖu Chøc n¨ng 

102 §Êt tÝn hiÖu 

103 Sè liÖu ph¸t 

104 Sè liÖu thu 

105 Yªu cÇu ph¸t 

106 S½n sµng ph¸t 

107 M¹ch sè liÖu s½n sµng 

109 Ph¸t hiÖn cã tÝn hiÖu ®êng d©y trªn kªnh sè liÖu 

113 NhÞp tÝn hiÖu ph¸t (nguån DTE) 

114 NhÞp tÝn hiÖu ph¸t (nguån DCE) 

115 NhÞp tÝn hiÖu thu (nguån DCE) 

140 §Êu vßng, kiÓm tra b¶o dìng 

141 §Êu vßng néi bé 

142 B¸o hiÖu kiÓm tra 
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Phô lôc B 
(Tham kh¶o) 

B.1 C¸c lo¹i gi¾c nèi 

B.1.1 Gi¾c nèi 34 ch©n theo tiªu chuÈn ISO 2593 (M34) 

11,9 ± 0,2

42,85 - 0,20
+ 0,21

54,1 max

22
,3

5 
m

ax

50≈

Vá gi¾c kh«ng cã
ch©n quy ®Þnh chiÒu

NN JJ DD Z V R L F B

LL FF BB X T N J D

MM HH CC Y U P K E A

KK EE AA W S M H C

BÒ mÆt gi¾c nèi DTE
Ch÷ c¸i quy ®Þnh ch©n

 

H×nh B.1.1.1:  Gi¾c nèi DTE (kÝch thíc theo mm) 



TCN 68 - 216: 2002 

 36 

B F L R V Z DD JJ NN

D J N T X BB FF LL

A E K P U Y CC HH MM

C H M S W AA EE KK

BÒ mÆt gi¾c nèi DCE
Ch÷ c¸i quy ®Þnh ch©n

54,3 min
TÊm ch¾n

22,56 min 11,9 0,2±

Vá nhËn cã hoÆc kh«ng
cã khe quy ®Þnh chiÒu

42,85 - 0,20
0,21

76≈

34≈

 
H×nh B.1.1.2: Gi¾c nèi DCE (kÝch thíc theo mm) 

 B¶ng B.1.1.1: Quy ®Þnh ch©n nèi cña gi¾c nèi 34 ch©n ISO 2593 

Ch©n* Chøc n¨ng** 
Ký hiÖu m¹ch 

theo ITU-T 
Híng 

A Chó ý 1 - - 

B §Êt tÝn hiÖu 102 Chung 

C Yªu cÇu ph¸t 105 Tõ DTE 

D S½n sµng ph¸t 106 Tíi DTE 

E M¹ch sè liÖu s½n sµng 107 Tíi DTE 

F Ph¸t hiÖn tÝn hiÖu ®êng d©y trªn kªnh sè liÖu 109 Tíi DTE 

H Nèi sè liÖu tíi ®êng d©y hoÆc §Çu cuèi sè liÖu 
s½n sµng (chó ý 2) 

108/1 

108/2 

Tõ DTE 

Tõ DTE 

J ChØ thÞ gäi (chó ý 2) 125 Tíi DTE 

K F1 - - 
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Ch©n* Chøc n¨ng** 
Ký hiÖu m¹ch 

theo ITU-T 
Híng 

L §Êu vßng néi bé (chó ý 2) - - 

N §Êu vßng/KiÓm tra b¶o dìng (chó ý 2) 140 Tõ DTE 

R Sè liÖu thu d©y A 104 Tõ DTE 

T Sè liÖu thu d©y B 104 Tõ DTE 

V NhÞp tÝn hiÖu thu d©y A 115 Tíi DTE 

X NhÞp tÝn hiÖu thu d©y B 115 Tíi DTE 

Y NhÞp tÝn hiÖu ph¸t d©y A 114 Tíi DTE 

AA NhÞp tÝn hiÖu ph¸t d©y B 114 Tíi DTE 

P Sè liÖu ph¸t d©y A 103 Tõ DTE 

S Sè liÖu ph¸t d©y B 103 Tõ DTE 

U NhÞp tÝn hiÖu ph¸t d©y A (chó ý 2) 113 Tõ DTE 

Z F2 - - 

W NhÞp tÝn hiÖu ph¸t d©y B (chó ý 2) 113 Tõ DTE 

BB F2 - - 

CC F3 - - 

DD F4 - - 

EE F3 - - 

FF F4 - - 

HH N1 - - 

JJ N2 - - 

KK N1 - - 

LL N2 - - 

MM F - - 

NN ChØ thÞ kiÓm tra (chó ý 2) 142 Tíi DTE 

*N = Dïng dµnh riªng cho quèc gia 

F = Dµnh riªng cho c¸c tiªu chuÈn quèc tÕ t¬ng lai, kh«ng dïng cho quèc gia. 

Chó ý: 

1. Ch©n A dµnh ®Ó nèi c¸c mµn ch¾n cña c¸p giao diÖn. Mµn ch¾n cã thÓ nèi tíi ®Êt b¶o vÖ hoÆc 
®Êt tÝn hiÖu t¹i DTE hay DCE theo c¸c quy ®Þnh quèc gia. §Êt tÝn hiÖu cã thÓ nèi víi ®Êt b¶o vÖ 
tuú theo quy ®Þnh quèc gia. CÇn chó ý tr¸nh c¸c m¹ch vßng ®Êt cã dßng cao. 

2. C¸c chøc n¨ng nµy kh«ng cã trong khuyÕn nghÞ V.35. 
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B.1.2 Gi¾c nèi 37 ch©n theo tiªu chuÈn ISO 4902 (DB37) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

BÒ mÆt gi¾c nèi DTE

10%

R2,69

R2,59

8,48
8,23

55,55
55,3

Vá gi¾c nèi

5,99
5,69

 
 

H×nh B.1.2.1:  Gi¾c nèi DTE (kÝch thíc theo mm) 

19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20

19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20

+ + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + +

100

8,03
7,77

BÒ mÆt gi¾c nèi DCE

63,63
63,37

R2,62
R2,4654,97

54,71
Vá gi¾c nèi

6,3
6,05

 

H×nh B.1.2.2:  Gi¾c nèi DCE (kÝch thíc theo mm) 
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B¶ng B.1.2.1: Quy ®Þnh ch©n nèi cña gi¾c nèi 37 ch©n ISO 4902 

Hµng ch©n phÝa trªn2) Hµng ch©n phÝa díi2) 
Lo¹i m¸y 

thu4) 
Híng tíi 

Ch©n 
sè 

M¹ch sè 
§iÓm 

trao ®æi3) 
Ch©n sè M¹ch sè 

§iÓm trao 
®æi3) 

 DTE DCE 

1 1)     - -  

2 N A-A’ 20 102b C-B’ 2 ×  

3 N A-A’ 21 N B/C-B’ 1 ×  

4 103 A-A’ 22 103 B/C-B’ 1    ×  

5 114 A-A’ 23 114 B/C-B’ 1 ×  

6 104 A-A’ 24 104 B/C-B’ 1  × 

7 105 A-A’ 25 105 B/C-B’ 1  × 

8 115 A-A’ 26 115 B/C-B’ 1 ×  

9 106 A-A’ 27 106 B/C-B’ 1 ×  

10 141 A-A’ 28 N A-A’ 2  × 

11 107 A-A’ 29 107 B/C-B’ 1 ×  

12 108* A-A’ 30 108* B/C-B’ 1 ×  

13 109 A-A’ 31 109 B/C-B’ 1 ×  

14 140 A-A’ 32 N A-A’ 2  × 

15 N A-A’ 33 N A-A’ 2 ×  

16 111 A-A’ 34 N A-A’ 2  × 

17 113 A-A’ 35 113 B/C-B’ 1  × 

18 142 A-A’ 36 N A-A’ 2 ×  

19 102 C-C’ 37 102a C-B’    × 

N - Ch©n dïng dµnh riªng cho quèc gia 

*  - M¹ch 108/1 hoÆc 108/2 (nÕu cã mét trong hai) 

Chó ý: 

1. Ch©n 1 dµnh ®Ó nèi c¸c mµn ch¾n cña c¸p giao diÖn. Mµn ch¾n cã thÓ nèi tíi ®Êt b¶o vÖ hoÆc ®Êt 
tÝn hiÖu t¹i DTE hay DCE theo c¸c quy ®Þnh quèc gia. §Êt tÝn hiÖu cã thÓ nèi víi ®Êt b¶o vÖ tuú 
theo quy ®Þnh quèc gia. CÇn chó ý tr¸nh c¸c m¹ch vßng ®Êt cã dßng cao. 

2. C¸c ch©n cña mçi hµng ®îc s¾p xÕp ®Ó t¹o cÆp nèi víi c¸p nhiÒu ®«i. Mçi hµng trong b¶ng biÓu 
thÞ c¸c ch©n t¹o cÆp t¬ng øng, vÝ dô 2 vµ 20, 3 vµ 21. 

3. A, A, B, B’, C vµ C’ chØ thÞ c¸c ®iÓm trao ®æi trong h×nh 2 cña khuyÕn nghÞ V.10 vµ V.11.  
Trong b¶ng nµy B/C cã nghÜa g¸n lµ B khi sö dông m¸y ph¸t V.11 vµ g¸n lµ C khi sö dông m¸y 
ph¸t V.10. 

4. C¸c lo¹i m¸y thu quy ®Þnh trong V.10. Lo¹i m¸y thu 1 cã nghÜa lµ cã thÓ sö dông c¸c m¸y ph¸t 
V.10 hoÆc V.11. ChØ c¸c m¸y ph¸t V.11 sö dông cho c¸c m¹ch 103, 104, 114, 115. Lo¹i m¸y thu 
2 cã nghÜa lµ sö dông c¸c m¸y ph¸t V.10. 
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B.1.3 Gi¾c nèi lo¹i 8 ch©n theo tiªu chuÈn ISO/IEC 10173 

B¶ng B.1.3.1: Qui ®Þnh ch©n c¾m 

TiÕp ®iÓm Giao diÖn víi thiÕt bÞ 

1 vµ 2 §«i d©y thu 

3 §iÓm nèi vá (nÕu cã) 

4 vµ 5 §«i d©y ph¸t 

6 §iÓm nèi vá (nÕu cã) 

7 Kh«ng sö dông 

8 Kh«ng sö dông 

B.2 B¶ng tãm t¾t c¸c yªu cÇu kü thuËt 
Tham chiÕu ®Õn c¸c 

tiªu chuÈn kh¸c 
§iÒu 

kho¶n 
Néi dung ®iÒu kho¶n Yªu cÇu 

Môc Tªn 

4 Yªu cÇu kü thuËt chung    

4.1 C¸c yªu cÇu vÒ an toµn ®iÖn vµ 
t¬ng thÝch ®iÖn tõ trêng 

   

4.1.1 §¶m b¶o qu¸ ¸p qu¸ dßng Tu©n thñ TCN 68 - 140: 1995 3.2.7 TCN 68 -140: 
1995 

4.1.2 §¶m b¶o an toµn cho khai th¸c 
viªn vµ ngêi sö dông 

Tu©n thñ TCN 68 - 190: 2000 3.2 TCN 68 -190: 
2000 

4.1.3 B¶o vÖ ngêi sö dông khái qu¸ 
¸p trªn m¹ng viÔn th«ng 

Tu©n thñ TCN 68 - 190: 
2000 

3.2 TCN 68 - 190: 
2000 

4.1.4 Yªu cÇu vÒ t¬ng thÝch ®iÖn tõ 
trêng 

Tu©n thñ TCN 68 - 191: 
2000 

 TCN 68 - 191: 
2000 

4.2 §iÓm kÕt nèi m¹ng    

4.2.1 VÞ trÝ H×nh 1   

4.2.2 Yªu cÇu Nguån 220 V (AC) ± 10% 

hoÆc 48 V (DC) ± 10% 

  

4.2.3 Lo¹i kÕt nèi Tuú thuéc giao diÖn sö dông  ISO 4902 

ISO 2593 

ISO/IEC 10173 

4.3 C¸c yªu cÇu t¹i giao diÖn    

4.3.1 Lo¹i giao diÖn V.35; V.11 hoÆc G.703  
64 kbit/s 

  

4.3.2 Tèc ®é sè liÖu vµ ®Þnh thêi    

4.3.2.1 Tèc ®é sè liÖu n × 64 kbit/s (n = 1 ÷ 31)   

4.3.2.2 §Þnh thêi TTE ph¶i cã kh¶ n¨ng ho¹t 
®éng trong c¶ hai chÕ ®é 
®Þnh thêi tí (mÆc ®Þnh) vµ 
chñ (tuú chän) 

  

4.3.3 C¸c m¹ch trao ®æi t¹i giao diÖn    
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Tham chiÕu ®Õn c¸c 
tiªu chuÈn kh¸c 

§iÒu 
kho¶n 

Néi dung ®iÒu kho¶n Yªu cÇu 

Môc Tªn 

5 §Æc trng ®iÖn cña m¹ch trao 
®æi giao diÖn V.11 

   

5.1 §Æc trng ®iÖn cña m¹ch trao 
®æi c©n b»ng 

Tu©n thñ KhuyÕn nghÞ V.11  ITU-T V.11 

5.1.1 M¹ch trao ®æi t¬ng ®¬ng H×nh 2 3 ITU-T V.11 

5.1.2 C¸c tr¹ng th¸i tÝn hiÖu  4 ITU-T V.11 

5.1.2.1 M¸y ph¸t §iÖn ¸p gi÷a c¸c ®iÓm A vµ 
B trong h×nh 2 

4.1 ITU-T V.11 

5.1.2.2 M¸y thu B¶ng 1 4.2 ITU-T V.11 

5.1.3 M¸y ph¸t  5 ITU-T V.11 

5.1.3.1 §iÖn trë vµ ®iÖn ¸p lÖch mét 
chiÒu  

§iÖn trë ≤ 100 Ω  

§iÖn ¸p lÖch ≤ 3,0 V 

5.1 ITU-T V.11 

5.1.3.1 C¸c tham sè tÜnh  5.2 ITU-T V.11 

a)  Hë m¹ch ≤0V 6,0 V 

≤a0V 6,0 V 

≤b0V 6,0 V 

5.2.1 ITU-T V.11 

b) KÕt cuèi ≥tV 2 V 

0,5 V0 ≤ tV  

4,0VV tt <−−  V 

≤s0V 3,0 V 

4,0)0(V)1(V s0s0 <− V 

5.2.2 ITU-T V.11 

c) Ng¾n m¹ch <saI 150 mA 

<sbI 150 mA 

5.2.3 ITU-T V.11 

d) Ng¾t nguån <xaI 100 µA 

<xbI 100 µA 

5.2.4 ITU-T V.11 

5.1.3.3 §é c©n b»ng ®éng ®iÖn ¸p vµ 
thêi gian sên lªn cña xung 

VE < 0,4 V 

tb ≥ 200 ns, tr ≤ 0,1tb 

tb < 200 ns, tr ≤ 20 ns 

5.3 ITU-T V.11 

5.1.4 T¶i  6 ITU-T V.11 

5.1.4.1 C¸c ®Æc tÝnh X¸c ®Þnh theo c¸c tham sè 
h×nh 6 vµ 7 

6.1 ITU-T V.11 

5.1.4.2 Dßng-®iÖn ¸p lèi vµo m¸y thu X¸c ®Þnh trong h×nh 6 6.2 ITU-T V.11 

5.1.4.3 §é nh¹y lèi vµo DC X¸c ®Þnh trong b¶ng 2 6.3 ITU-T V.11 

5.1.4.4 C©n b»ng lèi vµo TTE duy tr× æn ®Þnh tr¹ng 
th¸i trong c¸c ®iÒu kiÖn ë 
h×nh 8 vµ: 

6.4 ITU-T V.11 
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Tham chiÕu ®Õn c¸c 
tiªu chuÈn kh¸c 

§iÒu 
kho¶n 

Néi dung ®iÒu kho¶n Yªu cÇu 

Môc Tªn 

a)  Vi = +720 mV 

     Vcm: -7 V ÷ +7 V 

b) Vi = -720 mV 

     Vcm: -7 V ÷+7V 

c) Vi = +300 mV  

     Vcm: = 1,5 V (®Ønh - ®Ønh) 

d) Vi = -300 mV  

     Vcm= 1,5V (®Ønh - ®Ønh) 

5.1.4.5 KÕt cuèi  Z < 100 Ω 6.5 ITU-T V.11 

5.2 §Æc trng ®iÖn cña m¹ch trao 
®æi kh«ng c©n b»ng 

Tu©n thñ theo KhuyÕn nghÞ 
V.28 

 ITU-T V.28 

5.2.1 M¹ch trao ®æi t¬ng ®¬ng H×nh 9 2 ITU-T V.28 

5.2.2 T¶i 
 

pF2500

7000R3000

 

 

≤

<<

L

L

C

ΩΩ
 

3 ITU-T V.28 

5.2.3 M¸y ph¸t  V0 ≤ 15 V 4 ITU-T V.28 

5.2.4 C¸c møc cã nghÜa B¶ng 3 5 ITU-T V.28 

5.2.5 C¸c ®Æc trng tÝn hiÖu  6 ITU-T V.28 

6 §Æc trng ®iÖn cña giao diÖn 
V.35 

  ITU-T V.35 

6.1 §Æc trng ®iÖn cña m¹ch trao 
®æi c©n b»ng 

 Phô lôc 
II 

ITU-T V.35 

6.1.1 M¸y ph¸t  II.3 ITU-T V.35 

a) Trë kh¸ng 50 ÷ 150 Ω a) ITU-T V.35 

b) §iÖn trë gi÷a c¸c ®Çu cuèi ng¾n 
m¹ch vµ m¹ch 102 

150 ± 15 Ω a) ITU-T V.35 

c) §iÖn ¸p ®Çu cuèi - ®Çu cuèi 0,55 V ± 20% b) ITU-T V.35 

d) Thêi gian t¨ng tõ 10 ÷ 90% cña bÊt 
kú sù thay ®æi tr¹ng th¸i môc c) 

Nhá h¬n gi¸ trÞ lín nhÊt 
trong hai gi¸ trÞ 1% ®é réng 
xung danh ®Þnh hoÆc 40 ns 

c) ITU-T V.35 

e) §iÖn ¸p lÖch mét chiÒu ≤ 0,6 V e) ITU-T V.35 

6.1.2 T¶i  II.4 ITU-T V.35 

a) Trë kh¸ng lèi vµo 100 ± 10 Ω a) ITU-T V.35 

b) §iÖn trë gi÷a c¸c ®Çu cuèi ng¾n 
m¹ch vµ m¹ch 102 

150 ± 15 Ω b) ITU-T V.35 

6.1.3 C¸p C¸p kim lo¹i nhiÒu ®«i c©n 
b»ng trë kh¸ng 80 ÷ 120 Ω 

II.5 ITU-T V.35 

7 §Æc trng ®iÖn cña giao diÖn 
G.703 64 kbit/s 

 5.2 ETSI EN 300 
290 

7.1 Cæng lèi ra  5.2.1 ETSI EN 300 
290 

7.1.2 M· ho¸ tÝn hiÖu  4.2.1.1 ITU-T G.703 
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Tham chiÕu ®Õn c¸c 
tiªu chuÈn kh¸c 

§iÒu 
kho¶n 

Néi dung ®iÒu kho¶n Yªu cÇu 

Môc Tªn 

7.1.2 D¹ng sãng B¶ng 4, h×nh 13 vµ 14 5.2.1.2 ETSI EN 300 
290 

7.1.3 §Þnh thêi lèi ra - Tõ phÝa thu 

- Tõ nguån ngoµi 

5.2.1.3 ETSI EN 300 
290 

7.1.4 Rung pha lèi ra B¶ng 5 5.2.1.4 ETSI EN 300 
290 

7.1.5 Trë kh¸ng so víi ®Êt > 1000 Ω 5.2.15 ETSI EN 300 
290 

7.1.6 Suy hao chuyÓn ®æi däc B¶ng 6 5.2.1.6 ETSI EN 300 
290 

7.2 Cæng lèi vµo  5.2.2 ETSI EN 300 
290 

7.2.1 M· ho¸ tÝn hiÖu Nh môc 7.1.1 5.2.2.1 ETSI EN 300 
290 

7.2.3 Giíi h¹n rung pha lèi vµo H×nh 15 vµ b¶ng 7 5.2.2.3 ETSI EN 300 
290 

7.2.4 Giíi h¹n suy hao lèi vµo  5.2.5.5 ETSI EN 300 
290 

7.2.5 MiÔn nhiÔm víi c¸c ph¶n x¹  5.2.5.6 ETSI EN 300 
290 

7.2.4 Suy hao ph¶n x¹ B¶ng 8 5.2.2.4 ETSI EN 300 
290 

7.2.5 Trë kh¸ng so víi ®Êt > 1000 Ω 5.2.2.5 ETSI EN 300 
290 

7.2.6 Suy hao chuyÓn ®æi däc B¶ng 9 5.2.2.6 ETSI EN 300 
290 

B.3 Chuçi bit gi¶ ngÉu nhiªn dµi 211- 1 (2047 bit) 

Chuçi bit gi¶ ngÉu nhiªn nµy thêng ®îc sö dông trong c¸c phÐp ®o lçi vµ 
rung pha trªn c¸c m¹ch ho¹t ®éng víi tèc ®é 64 kbit/s vµ n x 64 kbit/s. 

Chuçi bit nµy ®îc ph¸t ®i tõ mét thanh ghi dÞch 11 tÇng trong ®ã c¸c ®Çu ra 
cña tÇng thø 9 vµ 11 ®îc céng m«-®un 2 víi nhau, kÕt qu¶ sau ®ã ®îc ®a trë l¹i 
®Çu vµo cña tÇng thø nhÊt. 

Sè tÇng cña thanh ghi dÞch:  11 

§é dµi cña chuçi bit gi¶ ngÉu nhiªn: 211 - 1 = 2047 bit 

§é dµi chuçi toµn møc 0 dµi nhÊt: 10 
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Foreword 
 

The Technical Standard TCN 68 - 216: 2002 "Terminal equipment connected to 
the public telecommunications networks (PTNs) using digital leased circuits at data 

rates of N×64 kbit/s - technical requirements" is based on the Recommendations V.11, 
V.28 and V.35 of the Telecommunications Standardization Sector of ITU (ITU-T) and the 
standard ETSI EN 300 290. 

To provide users with necessary information, appendix B1 (Types of connectors) 
and B2 (Reference table of equivalent international standards) are appended. 

The Technical Standard TCN 68 - 216: 2002 is drafted by Research Institute of 
Posts and Telecommunications (RIPT) at the proposal of Department of Science & 
Technology of Ministry of Posts and Telematics. The technical standard is adopted by the 
Decision No. 34 /QD-BBCVT of the Minister of Posts and Telematics dated 31/12/2002. 

The Technical Standard TCN 68 - 216: 2002 is issued in a bilingual document 
(Vietnamese version and English version). In cases of interpretation disputes, Vietnamese 
version is applied. 

                   
          Department of Science & Technology  
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TERMINAL EQUIPMENT CONNECTED TO THE PUBLIC 

TELECOMMUNICATIONS NETWORKS (PTNs) USING DIGITAL 

LEASED CIRCUITS AT DATA RATES OF N×64 kbit/s 

TECHNICAL REQUIREMENTS 
(Issued together with Decision No 34/2002/QD-BBCVT of December 31, 2002  

of the Minister of Posts and Telematics) 

 

1. Scope 

The technical standard TCN 68 - 216:2001 specifies the minimum requirements 

of physical and electrical characteristics of digital interface connects terminal 

equipment (TTE) to the PTNs using digital leased circuits at data rates in multiples 

of 64 kbit/s (n × 64 kbit/s, n = 1÷31). 

 The technical standard TCN 68 - 216: 2002 is used as one of the basis to 
type approval of TTE and so as to interwork with network. 

 The technical standard TCN 68 - 216: 2002 does not mention the requirements 

of electrical safety and electromagnetic compatibility. These requirements are 

specified in TCN 68 - 190: 2000 and TCN 68 - 191: 2000. 

2. References 

[1] ETSI EN 300.290: 2001: “Access and Terminal (AT) 64 kbit/s digital 
unrestricted leased line with octet integrity (D64U); Terminal 
equipment interface”. 

[2] ITU-T Recommendation V.11: “Electrical characteristics for balanced 
double-current interchange circuits operating at data signaling rates up 
to 10 Mbit/s”; 1996. 

[3] ITU-T Recommendation V.28: “Electrical characteristics for unbalanced 
double-current interchange circuits”; 1996. 

[4] ITU-T Recommendation V.35: “Data transmission at 48 kbit/s using 
60-108 kHz group band circuits”; 1996. 

[5] ITU-T Recommendation G.703: “Physical/electrical characteristics of 

hierarchical digital interfaces”; 1998. 



TCN 68 - 216: 2002 

 46 

[6] ISO/IEC 2593: 1993: “Information technology - Telecommunications 
and information exchange between systems - 34 pole DTE/DCE interface 
connector mateability dimensions and contact number assignments”. 

[7] ISO/IEC 4902: 189: “Information technology - Data communication -  
37 pole DTE/DCE interface connector and contact number assignments”. 

[8]  HKTA 2030. Network Connection specification for connection of  
Customer Premises Equipment (CPE) to the public telecommunications 
network (PTNs) using digital leased circuits at data rates of n × 64 kbit/s;  
March 1999. 

3. Definitions and Abbreviations 

3.1 Definitions 
Leased lines: Telecommunications facilities provided by a public 

telecommunications network that provide defined transmission characteristics 
between network termination points and that do not include switching functions 
that the user can control, (e.g. on-demand switching). 

Network Termination Point (NTP): All physical connections and their 
technical access specifications which form part of the public telecommunications 
network and are necessary for access to and efficient communication through that 
public network. 

Telecommunications Terminal Equipment (TTE): Equipment intended to be 
connected to a public or private telecommunications network, i.e.: to be connected 
directly to the termination of a public telecommunications network, or to interwork 
with a telecommunications network being connected directly or indirectly to the 
termination of a telecommunications network in order to send, process, or receive 
information. 

3.2 Abbreviations 
 

ASD Adverse Circuit Detector 
DC Direct Current 
DCE Data Circuit Terminal Equipment 
DTE Data Termination Equipment 
EMC Electro-Magnetic Compatibility 
IP Interconnection Point 
LCL Longitudinal Conversion Loss 
NTP Network Termination Point 
ppm parts per million 
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PRBS(211 - 1) Pseudo Random Bit Sequence (as defined in clause 2.1 of 
ITU-T Recommendation O.152) 

PTN Public Telecommunications Network 
r.m.s root mean square 
TTE Telecommunications Terminal Equipment 
UI Unit Interval 

4. General technical Requirements 

4.1 Interconnection point 

4.1.1 Location 

See figure 1. 

n x 64kbit/s
Digital line
terminating
equipment

Telecom
Terminal

Equipment
(TTE)

Customer Premises

To
network

(Interconnect point
Interface

 
Figure 1: Interconnection of TTE with n × 64 kbit/s digital interface at 

interconnection point 

4.1.2 Requirement 
Interconnection point with the digital leased circuits at n × 64 kbit/s will 

requires the installation of operator's equipment and cabling in customer premises. 
Either a mains power supply at 220 V(AC) ± 10% taken from the same point in the 
building distribution as the TTE or a suitable power supply at 48 V (DC) ±10% 
should be provided by the customer. 

4.1.3 Type of connector 

The connector used for connecting the TTE to the socket at the IP will depend 
on type of interface used: 

- 34 pole ISO 2593 (M34) connector will be used for V.35 interface; 

- 37 pole ISO 4902 (DB37) connector will be used for V.11 interface; 

- ISO/IEC 10173 connector will be used for G.703 64 kbit/s interface. 
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4.2 Interface electrical requirements 

4.2.1 Type of interface 

Digital interface of TTE at interconnection point shall conform to either one 
of following ITU-T recommendations: 

a. V.35; 

b. V.11 or 

c. G.703 64 kbit/s. 

4.2.2 Data rate and timing 

4.2.2.1 Data rate 

TTE shall be capable of operating with a data rate of n × 64 kbit/s, with n 

being an integer between 1 and 31 inclusive and tolerance of ± 100 ppm. 

4.2.2.2 Timing 

- TTE shall operate in slave timing by default and in master timing as an 
optional arrangement. 

- The terminal equipment interface is for use with 64 kbit/s leased lines, which 
provide bi-directional, point - to - point connections where the leased line output 
timing is provided from the network. The interface timing arrangements are 
codirectional. 

5. Electrical characteristics of interchange circuits for V.11 interface 

5.1 Electrical characteristics of balanced interchange circuits 

Electrical characteristics of balanced interchange circuits (103, 104, 113, 114 
and 115 circuits in table 2) shall be in accordance with ITU-T recommendation 
V.11, completely quoted in the following parts. 

5.1.1 Symbolic representation of interchange circuit 

The equipment at both sides of the interface may implement generators as 
well as receivers in any combination. Consequently, the symbolic representation of 
the interchange circuit, Figure 2 below, defines a generator interchange point as 
well as a load interchange point. 

For data transmission applications, it is commonly accepted that the interface 
cabling will be provided by the DTE. This introduces the line of demarcation 
between the DTE plus cable and the DCE. This line is also called the interchange 
point as shown in Figure 3. 
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Vab

Vca

Vcb

Zt

Vg

Generator output voltage between points A and B

Generator output voltage between points C and A

Generator output voltage between points C and B

Cable termination impedance

Ground potential difference

A, B and A', B' Interchange points
C, C' Zero voltage reference interchange points  

Figure 2: Symbolic representation of a balanced interchange circuit 

G R

R G

(Connector)

B'

A'

Zt

Zt

A

DTE and Cable

Line of demarcation

DCE

B

C, C'

 
Figure 3: Practical representation of the interface 

5.1.2 Generator polarities and receiver significant levels 
5.1.2.1 Generator  

- The signal conditions for the generator are specified in terms of the voltage 
between output points A and B shown in Figure 2. 

- When the signal condition 0 (space) for data circuits or ON for control and 
timing circuits is transmitted, the output point A is positive with respect to point B. 

- When the signal condition 1 (mark) for data circuits or OFF for control and 
timing circuits is transmitted, the output point A is negative with respect to point B. 
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5.1.2.2 Receiver 

The receiver differential significant levels are shown in Table 1, where AV ′  

and BV ′  are respectively the voltages at points A’ and B’ relative to point C’. 

Table 1: Receiver differential signification levels 

  V3.0VV
BA −≤−

′′   V3.0VV BA +≥− ′′  

Data circuits 1 0 

Control and timing circuits OFF ON 

5.1.3 Generator 

5.1.3.1 Resistance and DC offset voltage 

Requirement: 

- The total generator resistance between points A and B shall be less than or 

equal to 100 Ω and be adequately balanced with respect to point C. 

- The magnitude of the generator DC offset voltage shall not exceed 3 V under 
all operating conditions. 

Test: According to A.1.1. 

5.1.3.2 Static reference parameters 

a) Open-circuit parameters 

Requirement: With a 3900 Ω resistor connected between points A and B, in 
both binary states, the magnitude of the differential voltage (V0) shall not be more 
than 6.0 V, nor shall the magnitude of V0a and V0b be more than 6.0 V (see figure 4.a) 

Test: According to A.1.2a. 

b) Termination parameters 
Requirement: 

- With a test load of two resistors, each 50 Ω, connected in series between the 
output points A and B, the differential voltage (Vt) shall not be less than 2.0 V or 
50% of the magnitude of V0, whichever is greater see figure 4b). 

- For the opposite binary state the polarity of Vt shall be reversed (-Vt). The 
difference in the magnitudes of Vt and -Vt shall be less than 0.4 V. 

- The magnitude of the generator offset voltage V0s measured between the 
center of the test load and point C shall not be greater than 3.0 V. 

- The magnitude of the difference in the values of V0s for one binary state and 
the opposite binary state shall be less than 0.4 V. 

Test: According to A.1.2b. 
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c) Short-circuit parameters 

 Requirement: With the output points A and B short-circuited to point C, the 
current flowing through each of the output points A or B in both binary states shall 
not exceed 150 mA (see figure 4.c). 

Test: According to A.1.2c. 

d) Power-off parameters 

Requirement: Under power-off condition with voltages ranging between 
+0.25 V and -0.25 V applied between each output point and point C, as indicated in 
Figure 4d, the magnitude of the output leakage currents (Ixa and Ixb) shall not 
exceed 100 µA. 

Test: According to A.1.2d. 

 

a) Open-circuit parameter

6.0 VV0 ≤

6.0 VV0a ≤

6.0 VV0b ≤

b) Test-termination parameter

2 VVt ≥

tV0.5V ≤
0

0.4 VVV tt <−

3.0 VV0s ≤

0.4 V(0)V(1)V
0s0s <−

c) Short-circuit parameter

150 mAIsa <

150 mAIsb <

d) Power-off parameter

A100I xa µ<

A100Ixb µ<
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Figure 4: Generator-static reference parameters 
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5.1.3.3 Dynamic voltage balance and rise time measurements 

Requirement 

- With a test signal with a nominal signal element duration tb and composed of 

alternate “1” and ‘0”, shall be applied to the input, the change in amplitude of the 
output signal during transitions from one binary state to the other shall be 
monotonic between 0.1 and 0.9 Vss within 0.1 of tb or 20 ns, whichever is greater 

(see figure 5). 

- Thereafter, the signal voltage shall not vary more than 10% of Vss from the 
steady state value. 

- The resultant voltage due to imbalance (VE) shall not exceed 0.4 V peak-to-
peak. 

Test: According to A.1.3. 

G VSS

VE

Input

A

B

C

50 Ω a)

50 Ω a)

50 Ω

VE < 0.4 V peak-to-peak (provisional)

VSS Voltage difference between steady-state signal conditions

a) Matched  

Steady state "0"

Steady state "1"

V
S

S

tb

tr + tr -

0.
1V

S
S

+-

0.
1V

S
S

+-

tb Nominal duration of the test signal element

for tb    200 ns, tr    0.1 tb≥ ≤
for tb    200 ns, tr    20 ns≥ ≤  

 

Figure 5: Generator dynamic balance and rise-time measurements 
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5.1.4 Load 

5.1.4.1 Characteristics 

The load consists of a receiver (R) and an optional cable termination 

resistance (Zt) as shown in Figure 2. The electrical characteristics of the receiver 

are specified in terms of the parameters illustrated in figures 6, 7 and 8 and 
described in 5.1.4.2, 5.1.4.3 and 5.1.4.4. 

5.1.4.2 Receiver input voltage-current 

- With the voltage Via (or Vib) ranging between -10 V and +10 V, while Vib  

(or Via) is held at 0 V, the resultant input current Iia (or Iib) shall remain within the 

shaded range shown in figure 6. 

- These measurements apply with the power supply of the receiver in both the 
power-on and power-off conditions. 

R

Iia
A'

B'

Via

Vib

Iib

Output

C'
 

-10 V -3 V

+3 V +10 V

-3,25 mA

+3,25 mA

 

Figure 6: Receiver input voltage - current 

5.1.4.3 DC input sensitivity 

Requirement: 

- Over the entire common mode voltage (Vcm) range of +7 V to -7 V, the 

receiver shall not require a differential input voltage (V
i
) of more than 300 mV to 

assume correctly the intended binary state. Reversing the polarity of Vi shall cause 
the receiver to assume the opposite binary state. 
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- The maximum voltage (signal plus common mode) present between either 
receiver input and receiver ground shall not exceed 10 V nor cause the receiver to 
malfunction. The receiver shall tolerate a maximum differential voltage of 12 V 
applied across its input terminals without being damaged. 

- In the presence of the combination of input voltages Via and Vib (see figure 7) 

specified in Table 2, the receiver shall maintain the specified output binary state and 
shall not be damaged. 

Test: According to A.1.4. 

 

Output
R

Vib

Via

C'

B'

A'

Vi

 
 

Figure 7: DC input sensitivity 

Table 2: Combination of input and output voltages 

Applied voltages (V) 

Via Vib 

Resulting input 
voltage Vi (V) 

Output binary 
state 

Purpose of 
measurement 

-12 

0 

+12 

0 

0 

-12 

0 

+12 

-12 

+12 

+12 

-12 

Not specified To ensure no damage 
to receiver input 

+10 

+4 

-10 

-4 

+4 

+10 

-4 

-10 

+6 

-6 

-6 

+6 

0 

1 

1 

0 

To guarantee correct 
operation at Vi = 6 V 
(maintain correct logic 
state) 

 

 

+0.30 

0 

 

+7.15 

+6.85 

 

-7.15 

-6.85 

 

 

0 

+0.30 

 

+6.85 

+7.15 

 

-6.85 

-7.15 

 

 

+0.3 

-0.3 

 

+0.3 

-0.3 

 

-0.3 

+0.3 

 

 

0 

1 

 

0 

1 

 

1 

0 

300 mV threshold 
measurement 

cmV 




= 0 V 

 

cmV 




= +7 V 

 

cmV 




= - 7 V 
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5.1.4.4 Input balance 

The balance of the receiver input resistance and internal bias voltages shall be 

such that the receiver shall remain in the intended binary state under the conditions 

shown in figure 8 and described as follows: 

a.  With Vi = +720 mV and Vcm varied between -7 and +7 V; 

b.  With Vi  = 720 mV and Vcm varied between -7 and +7 V; 

c. With Vi = +300 mV and Vcm a 1.5 V peak-to-peak square wave at the 

highest applicable data signaling rate;  

d. With Vi = -300 mV and Vcm a 1.5 V peak-to-peak square wave at the 

highest applicable data signaling rate. 
 

R

A'

B'

Output

C'

+
   V i
1
2

   V i
1
2

+
-

-

500Ω
a)

500Ω
a)

Vcm

a)
Matched  

Figure 8: Receiver input balance 

5.1.4.5 Terminator 

The use of a cable terminating impedance (Zt) is optional. In no case shall the 

total load resistance be less than 100 Ω. 

5.2 Electrical characteristics of unbalanced interchange circuits 

Electrical characteristics of unbalanced interchange circuits (remaining 

circuits in Table 2) shall be in accordance with ITU-T recommendation V.28, 

completely quoted in the following parts. 

5.2.1 Interchange equivalent circuit 

Figure 9 shows the interchange equivalent circuit with the electrical 

parameters, which are defined below. 
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This equivalent circuit is independent of whether the generator is located in 

the data circuit-terminating equipment and the load in the data terminal equipment 

or vice versa. 

The impedance associated with the generator (load) includes any cable 

impedance on the generator (load) side of the interchange point. 

The equipment at both sides of the interface may implement generators as 

well as receivers in any combination. 

V0 C0 CL

RL

ELLi
ne

 o
f d

em
ar

ca
tio

n

V
1

Interchange circuit

Signal ground or common return
(Circuit 102 or 201)

V0: is the open-circuit generator voltage

R0: is the total effective D.C resistance associated with the generator, measuted at the interchange point

C0: is the total effective capacitance associated with the generator, measuted at the interchange point

V1: is the voltage at the interchange point with respect to signal ground or common return

CL: is the total effective capacitance associated with the load, measured at the interchange point

RL: is the total effective D.C resistance associated with the load, measuted at the interchange point

EL: is the open-circuit load voltage

Interchange point
Generator Load

R0

 

Figure 9: Interchange equivalent circuit 

For data transmission applications, it is commonly accepted that the interface 

cabling is provided by the DTE. This introduces the line of demarcation between 

the DTE plus cable and the DCE. This line is also called the interchange point and 

is physically implemented in the form of a connector. The applications also require 

interchange circuits in both directions. This leads to an illustration as shown in 

figure 10. 
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CL

Line of demarcation

Signal ground

DTE plus cable

C0 V0

R0

V0

R0

C CL

(Connector)

DCE

EL

RL

 
 

Figure 10: Practical representation of the interface 

5.2.2 Load 

The test conditions for measuring the load impedance are shown in figure 11.  

The impedance on the load side of an interchange circuit shall have a DC. 
resistance (RL) neither less than 3000 Ω nor more than 7000 Ω. 

With an applied voltage (Em), 3 V to 15 V in magnitude, the measured input 
current (I) shall be within the following limits:  

minmax,L

maxLm
maxmin, R

EE
I

±
=  

 The open-circuit load voltage (EL) shall not exceed 2 V. The effective shunt 
capacitance (CL) of the load, measured at the interchange point, shall not exceed 
2500 pF.  

+- Em

Imin

Imax

+- EL

RL

Test set Load

Interchange point

Interchange circuit

Common return  
Figure 11: Equivalent test circuit 
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5.2.3 Generator 

The open circuit generator voltage (V0) on any interchange circuit shall not 
exceed 15 V in magnitude. 

The impedance (R0 and C0) on the generator side of an interchange circuit is 
not specified; however, the combination of V0 and R0 shall be selected so that a 
short circuit between any two interchange circuits shall not result in any case in a 
current in excess of 0.5 A. 

Additionally, when the load open-circuit voltage (EL) is zero, the voltage (V1) 
at the interchange point shall not be less than 5 V and not more than 15 V in 
magnitude (either positive or negative polarity), for any load resistance (RL) in the 

range between 3000 Ω and 7000 Ω. 

The effective shunt capacitance (C0) at the generator side of an interchange 
circuit is not specified. However, in addition to any load resistance (RL) the 
generator shall be capable of driving all of the capacitance at the generator 
side (C0), plus a load capacitance (CL) of 2500 pF.  

5.2.4 Significant levels 

Significant levels for interchange circuits are specified in Table 3. 

Table 3: Significant levels 
Interchange circuit V1 < - 3 V V1 > +3 V 

Data circuits 

Control, timing circuits 

1 

OFF 

0 

ON 

5.2.5. Signal characteristics 

The following limitations to the characteristics of signals transmitted across 
the interchange point, exclusive of external interference, shall be met at the 
interchange point when the interchange circuit is loaded with any receiving circuit 
which meets the characteristics specified in clause 5.2.2. 

These limitations apply to all (data, control and timing) interchange signals 
unless otherwise specified. 

a. All interchange signals entering into the transition region shall proceed 
through this region to the opposite signal state and shall not re-enter this 
region until the next significant change of signal condition, except as 
indicated in f) below. 

b. There shall be no reversal of the direction of voltage change while the 
signal is in the transition region, except as indicated in f) below. 

c. For control interchange circuits, the time required for the signal to pass 
through the transition region during a change in state shall not exceed 1 ms. 
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d. For data and timing interchange circuits, the time required for the signal to 
pass through the transition region during a change in state shall not exceed 
1 ms or 3% of the nominal element period on the interchange circuit, 
whichever is the less. 

e. To reduce crosstalk between interchange circuits the maximum 
instantaneous rate of voltage change will be limited. A provisional limit 
will be 30 V/µs. 

f. hen electromechanical devices are used on interchange circuits, points a) 
and b) above do not apply to data interchange circuits. 

6. Electrical characteristics of interchange circuits for V.35 interface 

6.1 Electrical characteristics of balanced interchange circuits 
Electrical characteristics of balanced interchange circuits (103, 104, 113, 114 

circuits in table 1) shall be in accordance with Appendix II ITU-T 
Recommendation V.35, completely quoted in the following parts. 

6.1.1 Generator 
This circuit should comply with the following Requirements: 

a. Source impedance in the range 50 to 150 Ω; 

b. Resistance between short-circuited terminals and circuit 102: 150 ± 15 Ω ; 

c. When terminated by 100 Ω resitive load the terminal-to-terminal voltage 
should be 0.55 ± 20% so that A terminal is positive to the B terminal when 
binary 0 is transmitted, and the conditions are reversed to transmit binary 1; 

d. The rise time between the 10% and 90% points of any change of state when 
terminated as in c) should be less than 1% of the nominal duration of a 
signal element or 40 ns, whichever is the greater; 

e. The arithmetic mean of the voltage of the A terminal with respect to circuit 
102, and the B terminal with respect to circuit 102 (DC line offset), should 
not exceed 0.6 V when terminated as in c). 

6.1.2 Load  
The load should comply with the following: 

a. Input impedance in the range 100 ± 10 Ω, substantially resitive in the 
frequency range of operation; 

b. Resistance to circuit 102 of 150 ± 15 Ω, measured from short-circuited 
terminals. 

6.1.3 Cable 
The interface cable should be a balanced twisted multi-pair type with a 

characteristic impedance between 80 and 120 Ω at the fundamental frequency of 
the timing waveform at the associated terminator. 
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6.2 Electrical characteristics of unbalanced interchange circuits 

Electrical characteristics of unbalanced interchange circuits (remaining 
circuits in table 1) shall be in accordance with ITU-T recommendation V.28 
(article 5.2). 

7. Electrical characteristics of G.703 64 kbit/s interface 

7.1 Output port 

7.1.1 Signal coding 

Requirement: The signal transmitted at the output port shall comply with the 
encoding rules as follows: 

Step 1: A 64 kbit/s bit period is divided into four unit intervals. 

Step 2: A binary 1 is encoded as a block of the following four bits: 1100 

Step 3: A binary 0 is encoded as a block of the following four bits: 1010 

Step 4: The binary signal is converted into a three-level signal by alternating 
the polarity of consecutive blocks. 

Step 5: The alteration in polarity of the blocks is violated every 8th block. The 
violation marks the last bit in an octet. 

These conversion rules are illustrated in figure 12. 

Test: According to A.2.1. 

 
Bit number 7

1

8

0

1

0

2

1

3

0

4

0

5

1

6

1

7

1

8

0

1

164 kbit/s data

Steps 1-3

Step 4

Step 5

Violation Violation

Octet timing  
Figure 12: The conversion rules 
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7.1.2 Waveform shape 

Requirement: The pulse at the output port shall comply with the requirements 
given in table 4 and figures 13 and 14. 

Test: According to A.2.2. 

Table 4: Waveform shape at output port 

Pulse shape (normally rectangular) 
All pulses of valid signal shall conform with the marks 

(see figures 13 and 14 irrespective of the polarity 

Pairs in each direction of transmission One symmetric pair 

Test load impedance  120 Ω non-reactive 

Nominal peak voltage of mark (pulse) 1.0 V 

Peak voltage of a space (no pulse)  0 V ± 0.1 V 

Nominal pulse width  3.9 µs for a single pulse 

7.8 µs for a double pulse 

Ratio of amplitudes of positive and 
negative pulses at the center of the pulse 
interval 

0.95 to 1.05 

Ratio of the widths of positive and 
negative pulses at the nominal half 
amplitude 

0.95 to 1.05 

0

0.
2

(3.9 - 0.78)

(3.9 - 0.39)

(3.9 + 2.6)

(3.9 + 0.39)

(3.9 + 3.9)

0.5

1.0

0.
1

0.
1

0.
1

0.
1

3.12

3.51

3.9

4.29

6.5

7.8

Norminal pulse

V

sµ

sµ

sµ

sµ

sµ

sµ

0.
2

0.
2

 
 

Figure 13: Pulse mask for single pulse 
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V

0

(7.8 - 0.78)

(7.8 - 0.39)

(7.8 + 2.6)

(7.8 + 0.39)

(7.8 + 3.9)

0.
2

0.
2

0.
1

0.
1

0.
2

1.0

0.5

7.02

7.42

7.8

8.19

10.4

11.7

Nominal pulse

0.
1

0.
1

sµ

sµ

sµ

sµ

sµ

sµ

 
Figure 14: Pulse mask for double pulse 

7.1.3 Output timing 

The terminal equipment shall be capable of: 

- Synchronizing the output timing to the timing received at the receive side of 
the interface; or 

- Synchronizing the output timing to an external reference (plesiochronous 
working). 

Note: Additional sources of timing, e.g. an internal clock, are not precluded 
by the above requirement. 

7.1.4 Output jitter 

Requirement: The peak-to-peak output jitter shall not exceed the limits of 
table 5. 

Test: According to A.2.5. 

Table 5: Maximum output jitter 

Measurement filter bandwidth 

Lower cut-off Upper cut-off 

Output jitter 

(UI peak-to-peak) 

20 Hz 20 kHz 0.25 

3 kHz 20 kHz 0.05 

Note: 0.25 UI = 3.9 µs; 0.05 UI = 0.78 µs 
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7.1.5 Impedance towards ground 

Requirement: Where the terminal equipment has a ground, the impedance 

towards ground of the output port shall be greater than 1000 Ω for frequencies in 

the range from 10 Hz to 1 MHz when measured with a sinusoidal test voltage of  

2 V r.m.s. 

Test: According to A.2.6. 

7.1.6 Longitudinal conversion loss (LCL) 

Requirement: Where the terminal equipment has a ground, the longitudinal 

conversion loss of the terminal output port shall be greater than or equal to the 

figures given in Table 6. 

Test: According to A.2.7. 

Table 6: Output port longitudinal conversion loss 

Frequency Longitudinal conversion loss 

3.4 kHz 40 dB 

3.4 kHz to 34 kHz Decreasing 20 dB/decade from 40 dB to 20 dB   

34 kHz to 256 kHz 20 dB 

7.2 Input port 

7.2.1 Signal coding 

The input port shall decode without errors signals encoded in accordance with 

encoding rules of paragraph 7.1.1. 

Test: According to A.2.3. 

7.2.2 Input clock tolerance 

The terminal equipment shall operate without errors with signals encoded as 

in paragraph 7.1.1, over the frequency range 64 kbit/s ± 100 ppm. 

7.2.3 Input jitter tolerance 

Requirement: The terminal equipment shall function as specified without 

errors with the maximum sinusoidal input jitter as shown in figure 15 and table 7. 

Test: According to A.2.5. 
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A2

A1

f1 f2 f3 f4
jitter frequency

Peak-to-peak jitter

 
Figure 15: Input jitter tolerance 

Table 7: Input jitter tolerance 
Peak-to-peak amplitude (UI) Frequency (Hz) 

A1 A2 f1 f2 f3 f4 
0.25 0.05 20 600 3000 20000 

Note: 0.25 UI = 3.9 µs; 0.05 UI = 0.78 µs 

7.2.4 Input loss tolerance 
Requirement: The input port shall correctly interpret a 64 kbit/s signal as 

defined in clauses 7.1.1 above but modified by an intervening pair with the 
following characteristics: 

a. Attenuation that follows f  law with values throughout the range from 0 dB 
to 3 dB at 128 kHz; and 

b. Characteristic impedance of 120 Ω with a tolerance of ±20% in the 
frequency range from 200 kHz to 1 MHz, and ±10% at 1 MHz. 

Test: According to clause A.2.3. 

7.2.5 Immunity against reflections 
Requirement: 
- When a signal comprising a combination of a normal signal and an interfering 

signal is applied to the input port, via an artificial cable with a loss in the range from 
0 dB to 3 dB at 128 kHz, no errors shall result due to the interfering signal. 

- The normal signal shall be a signal encoded according to art 7.1.1, shaped 
according to the masks of figures 13 and 14, with a binary content in accordance 
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with a Pseudo Random Bit Sequence as defined in clause 2.1 of ITU-T 
Recommendation O.152 PRBS(211

 - 1) (see appendix B.3). 
- The interfering signal shall be the same as the normal signal except that the 

level shall be attenuated by 20 dB, the bit rate shall be within 64 kbit/s ± 100 ppm, 
and the timing shall not be synchronized to the normal signal. 

Test: According to clause A.2.3. 

7.2.6 Input return loss 

Requirement: The input return loss with respect to 120 Ω at the interface 
shall be greater than or equal to the values given in table 8 

Test: According to clause A.2.4. 

Table 8: Input port minimum return loss 
Frequency range Return loss 

4 kHz to 13 kHz 12 dB 

13 kHz to 256 kHz 18 dB 

256 kHz to 384 kHz 14 dB 

7.2.7 Impedance towards ground 

Requirement: Where the terminal equipment has a ground, the impedance 

towards ground of the input port shall be greater than 1000 Ω for frequencies in  
the range from 10 Hz to 1 MHz when measured with a sinusoidal test voltage of  
2 V r.m.s. 

Test: According to A.2.6. 

7.2.8 Longitudinal conversion loss (LCL) 

Requirement: Where the terminal equipment has a ground, the longitudinal 
conversion loss of the terminal input port shall be greater than or equal to the 
figures given in Table 9. 

Test: According to A.2.7. 

Table 9: Input port longitudinal conversion loss 
Frequency Longitudinal conversion loss 

3.4 kHz 40 dB 

3.4 kHz to 34 kHz Decreasing 20 dB/decade from 40 dB to 20 dB 

34 kHz to 256 kHz 20 dB 

Note: For signals with bit rates of n×64 kbit/s (n = 2 ÷ 31) which are routed 
through multiplexing equipment specified for the 2048 kbit/s hierarchy,  
the interface shall have the same physical/electrical characteristics as those for 
2048 kbit/s. 
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appendix A 
(Normative) 

A.1 Method of measurement electrical characteristis of V.11 interface 
A.1.1 DC offset voltage of generator 

Test configuration: Figure A.1.1. 

Measurement: 

- Connecting two 50 Ω resistances between A and B terminals. 
- Measuring voltages between A and B, C and point between two resistances 

in both “1” and “0” conditions. 
- In both cases, absolute value of measured voltages are less than or equal 3 V. 

Difference in absolute values of DC voltages should less than or equal 0.3 V.  

V1

A

B

C

50 Ω

50

G

V2

Ω

 
 

Figure A.1.1: DC offset voltage of generator 

A.1.2 Static reference parameters 

a) Open-circuit parameters 
Test configuration: Figure A.1.2a. 

Measurement: 
- Measuring voltages between A and B, A and C, B and C in both “1” and “0” 

conditions . 
- In both cases, absolute values of measured voltages are less than or equal 6 V. 

b) Test-termination parameters 
Test configuration: Figure A.1.2b. 

Measurement: 
- S1 switch is OFF, S2 switch in ON. Measuring voltage between A and B by 

V1 voltmeter. Measured voltage is V0. 
- Next, S1 switch is ON, S2 switch is OFF. V1 shall indicate Vt, V2 shall 

indicate Vos. 
- Carrying out procedures above in both “1” and “0” conditions. 
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c) Short-circuit parameter 

Test configuration: Figure A.1.2c. 

Measurement: 

- Measuring output currents from A to C and from B to C in both “1” and “0” 
conditions. 

- Absolute values of measured currents should be less than 150 mA.  

d) Power-off parameters 

Test configuration: Figure A.1.2d. 

G
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B

C

50Ω
Vt

50Ω
V2
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a) Open - circuit measurement

S1

S2

3.9 kΩ

0.25 V±

b) Test - termination measurement

c) Short - circuit measurement

d) Power - off measurement
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Figure A.1.2: Generator - parameter reference measurements 
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Measurement: 

- Turn off generator. 

- Setting voltages between A and B terminal with C one after another in range 

-0.25 V to +0.25 V by switch S and external source. 

- Measuring output currents by microampemeters A1 and A2. 

- Absolute values of currents through A1 and A2 should be less than 100 µA. 

A.1.3 Dynamic voltage balance and rise time measurements 

Test configuration: Figure A.1.3. 

Measurement: 

- Input signal is stream of “1” and “0” bits consecutively, duration of pulse is 

selected around 200 ns. 

- Measure waveform shape between A and B terminals by oscilloscope. 

Measured voltage (peak-to-peak) between A and B should be less than 0.4 V. 

- Regulate duration of test signal tb. Measure waveform shape between C and 

D terminals. Measured values of tr should meet conditions: tb ≥ 200 ns,  

tr ≤ 0.1tb, tb ≤ 200 ns, tr ≤ 20 ns. 

G

A

B

C

50 Ω

50 Ω

50 Ω

D

VG

 

Figure A.1.3: Dynamic voltage balanced rise time measurements 

A.1.4 DC input sensivity measurements 

Test configuration: Figure A.1.4. 

Measurement: 

- Select input signals Via, Vib and Vi according to values as defined in Table  

A.1. Check logical levels of output signal. 
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Table A.1: Combination of input voltages 

Applied voltages (V) 

Via Vib 

Resulting input 
voltage Vi (V) 

Output binary state 

-12 
0 

+12 
0 

0 
-12 

0 
+12 

-12 
+12 
+12 
-12 

Not specified 

+10 
+4 

-10 
-4 

+4 
+10 

-4 
-10 

+6 
-6 
-6 
+6 

0 
1 
1 
0 

 
+0.30 

0 
 

+7.15 
+6.85 

 
-7.15 
-6.85 

 
0 

+0.30 
 

+6.85 
+7.15 

 
-6.85 
-7.15 

 
+0.3 
-0.3 

 
+0.3 
-0.3 

 
-0.3 
+0.3 

 
0 
1 
 
0 
1 
 
1 
0 

 

R
Via

Vi

Vib C'

B'

A'

Output

 
Figure A.1.4: DC input sensitivity measurements 

A.2 Method of measurement electrical characteristis of G.703 64 kbit/s 
interface 

A.2.1 Signal coding at output port 

Test configuration: Figure A.2.1. 

Measurement: 

- The terminal shall transmit a bit stream including both binary ONEs and 
binary ZEROs, for example a PRBS(211 - 1). 

- Using test equipment to monitor output bit stream. Within a test duration of 
up to 5 minutes there shall be at least one period of one minute during which there 
are no errors in the decoded bits stream. 



TCN 68 - 216: 2002 

 70 

RX

TX

Terminal
equipment

RX

TX

Measuring
equipment

 
Figure A.2.1: Measurement of signal coding at output port 

A.2.2 Waveform shape at output port 

Test configuration: Figure A.2.2. 

Measurement:  

- Marks and spaces transmitted by the terminal equipment, measuring the 
amplitude and shape of positive and negative pulses (measured at the centre of the 
pulse interval) and the time duration of positive and negative pulses (measured at 
the nominal half of the pulse amplitude, i.e. 0.5 V). 

- The overall measurement accuracy shall be better than 30 mV. All the 
measurements shall be performed using measuring equipment capable of recording 
DC. A bandwidth of 200 MHz or greater shall be used. 

 

Terminal
equipment

Measuring
equipmentT

TX

RX

RX

T = Terminating Resistor,
120       0.25%Ω ±  

Figure A.2.2: Waveform shape at output port 

A.2.3 Input coding, loss tolerance and immunity against reflections 

Test configuration: Figure A.2.3. 

Measurement: 

- The output signals of the test equipment and the pattern generator shall be a 
signal encoded according to art 7.1.1, shaped according to the masks of figures 13 
and 14, with a binary content in accordance with a Pseudo Random Bit Sequence as 
defined in clause 2.1 of ITU-T Recommendation O.152 (PRBS(211

 - 1)). 

- The interfering signal shall be the same as the normal signal except that the 
bit rate shall be within 64 kbit/s ± 100 ppm, and the timing shall not be 
synchronized to the normal signal. 
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- The interfering signal shall be combined with the main signal in a combining 

network of impedance 120 Ω, with 0 dB loss in the main path and an attenuation in 
the interference path of 20 dB. 

- The cable simulator shall have an attenuation of 3 dB measured at 128 kHz 

and an attenuation characteristic that follows a f  law. 

- The conformance of the interface shall be verified in the following test 
conditions: 

a. Without cable simulator and without interfering tone, with the test 
equipment generating a PRBS; and 

b. With cable simulator and without interfering tone; and 

c. Without cable simulator and with interfering tone; and 

d. With cable simulator and with interfering tone. 

- The test shall be repeated with the wires at the terminal equipment interface 
reversed. 

- Within a test duration of up to 5 minutes there shall be at least one period of 
one minute during which the data received from the equipment under test is 
identical with the generated sequence. 

Note: The f  law of the cable simulator shall apply over the frequency range 
from 100 kHz to 1 MHz. 

Terminal
equipment

RX
Cable

Simulator
Attenuator &

Combining Network
Test

Equipment

TX

RX

Pattern
Generator

TX
 

Figure A.2.3: Loss tolerance and immunity against reflections 

A.2.4 Return loss at input port 

Test configuration: Figure A.2.4. 

Measurement:  

- Sinusoidal signal of 1 V peak at the input port of the terminal equipment 
with a frequency variable between 4 kHz and 384 kHz. 

- Voltage measured across the bridge, representing a terminating resistor of 

120 Ω, using a selective voltmeter with a bandwidth of less than 1 kHz. 
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-  The measured return loss shall be greater than or equal to the values in table 8. 

Terminal
equipment

RX Bridge T

Generator

Volmeter

T = Terminating Resistor,
120       0.25%Ω ±  

Figure A.2.4: Return loss at input port 

A.2.5 Input and output jitter 

Test configuration: Figure A.2.5. 

Measurement:  

- The terminal equipment shall be configured (where these modes of operation 

are supported): 

+ With output timing referenced to the internal clock; and 

+ With output timing referenced to any external clock source from which 

timing can be derived. 

- The modulation source may be included in the clock generator and/or the 

pattern generator, or it may be provided separately. The output signal of the pattern 

generator shall be encoded as in clause 7.1.1 and conform to a pulse shape as 

defined in table 4. The binary content shall be a PRBS(211- 1).  

- Measurements shall be made at the nominal digital rate of 64 kbit/s. It may 

be necessary to synchronize the pattern generator: 

+ To the output of the terminal equipment when the terminal equipment is 

running from its own internal clock; or 

+ To the external clock source when the terminal equipment is running 

from this clock source; in order to avoid a high occurrence of slips. 

- The modulation source for the terminal equipment signal input shall generate 

individual components of sinusoidal jitter at points on the curve of figure 15 and 

Table 7. 

- Monitoring the signal transmitted by the terminal equipment and the jitter 

extracted from this signal. There shall be no bit errors reported by the test 
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equipment within the period of the test and the peak-to-peak jitter shall comply 

with table 5. 

Modulation
Source

PRBS with
maximum

tolerable jitter

Clock Generator

Pattern
Generator

Modulation
Source

Clock Generator

Terminal
equipment

Pattern
Comparator

Jitter measuring
equipment

Seperate
timing source

RX

TX

 
Figure A.2.5: Jitter measurement 

A.2.6 Impedance towards ground 

Test configuration: Figure A.2.6. 

Measurement: 

- Sinusoidal test signal (Vgen ) of 2 V r.m.s ± 20 mV applied over the frequency 
range from 10 Hz to 1 MHz, monitoring voltage of Vtest. 

- Voltage Vtest shall be less than 19.2 mV r.m.s. 

Generator

Terminal
equipment

RX or TX

60 Ω

60 Ω

Vgen

Vtest
10 1%Ω ±

 
 

Figure A.2.6: Impedance towards ground 

A.2.7 Longitudial conversion loss 

Test configuration: Figure A.2.7. 

Measurement: 
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- Generator output (Vgen) 1 V r.m.s ± 10 mV shall be applied at any frequency 
in the range from 3.4 kHz to 256 kHz.  

- The longitudinal conversion loss ( )testgen V/Vlog20  shall be greater than or 

equal to the values given in tables 6 and 9. 

Generator

Terminal
equipment

RX or TX

60 Ω

60 Ω

Vgen

Vtest

 

Figure A.2.7: Longitudinal conversion loss 

A.3 Method of measurement electrical characteristis of V.35 interface 

The same as for V.11 interface. 

A.4 Interchange circuits at interface 

A.4.1 V.35 interface 

The interchange circuits at V.35 interface should be as shown in Table A.4.1  

Table A.4.1: Interchange circuits at V.35 interface 

Number Function 

102 Signal ground or common return 

103 Transmitted data 

104 Received data 

105 Request to send 

106 Ready for sending 

107 Data set ready 

109 Data channel receive line signal detector 

114 Transmitter signal element timing 

115 Receiver signal element timing 
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A.4.2 V.11 interface 

The interchange circuits at V.11 interface should be as shown in Table A.4.2. 

Table A.4.2: Interchange circuits at V.11 interface 

Number Function 

102 

103 

104 

105 

106 

107 

109 

113 

114 

115 

140 

141 

142 

Signal ground or common return 

Transmitted data 

Received data 

Request to send 

Ready for sending 

Data set ready 

Data channel receive line signal detector 

Transmitter signal element timing (DTE) 

Transmitter signal element timing (DCE) 

Receiver signal element timing (DCE) 

Loopback/Maintenance test 

Local loopback 

Test indicator 
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appendix b 
(Informative) 

B.1 Types of connector 

B.1.1 ISO 2593 (M34) 34-pole DTE/DCE interface connector 

11.9 ± 0.2

42.85 - 0.20
+ 0.21

54.1 max

22
.3

5 
m

ax

50≈

Plug shell without
polarization pin

NN JJ DD Z V R L F B

LL FF BB X T N J D

MM HH CC Y U P K E A

KK EE AA W S M H C

DTE connector face
Contact identification lettering

Centreline of jackscrews

 
 

Figure B.1.1.1: DTE interface connector (dimensions in millimeters) 
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B F L R V Z DD JJ NN

D J N T X BB FF LL

A E K P U Y CC HH MM

C H M S W AA EE KK

DCE connector face
Contact identification lettering

54.3 minRetaining
plate

22.56 min 11.9 0.2±

Receptacle shell with or
without polarization slot

42.85 - 0.20
0.21

76≈

34≈Centreline of jacksrews

 

Figure B.1.1.2: DCE interface connector (dimensions in millimeters) 

Table B.1.1.1: Assignment of pin number 

Pin* Function** ITU-T circuit No. Direction 

A See note 1 - - 

B Signal ground or common return 102 Common 

C Request to send 105 From DTE 

D Ready for sending 106 To DTE 

E Data set ready 107 To DTE 

F Data channel received line signal detector 109 To DTE 

H Connect data set to line or 

Data terminal ready (see note 2) 

108/1 

108/2 

From DTE 

From DTE 

J Calling indicator (see note 2) 125 To DTE 

K F1 - - 

L Local loop back (see note 2) - - 
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Pin* Function** ITU-T circuit No. Direction 

N Loop back/Maintenance Test (see note 2) 140 From DTE 

R Received data A-wire 104 From DTE 

T Received data B-wire 104 From DTE 

V Receiver signal element timing A-wire 115 To DTE 

X Receiver signal element timing B-wire 115 To DTE 

Y Transmitter signal element timing A-wire 114 To DTE 

AA Transmitter signal element timing B-wire 114 To DTE 

P Transmitted data A-wire 103 From DTE 

S Transmitted data B-wire 103 From DTE 

U Transmitter signal element timing A-wire (note 2) 113 From DTE 

Z F2 - - 

W Transmitter signal element timing B-wire (note 2) 113 From DTE 

BB F2 - - 

CC F3 - - 

DD F4 - - 

EE F3 - - 

FF F4 - - 

HH N1 - - 

JJ N2 - - 

KK N1 - - 

LL N2 - - 

MM F - - 

NN Test indicator (see note 2) 142 To DTE 

*N = pin number permanently reserved for national use. 

F = pin number reserved for future International Standard and should not be used for national use. 

Notes: 

1. Pin A is assigned for connecting the shield between tandem sections of the shielded interface 
cable. The shield may be connected either to protective ground or to signal ground at either DTE 
or DCE or both in accordance with national regulations. Signal ground may be connected to 
protective ground in accordance with national safety regulations. Caution should be exercised to 
prevent establishment of ground loops carrying high currents. 

2. These functions are not included in CCITT Recommendation V.35 but where implemented on an 
optional basis the assigned pins should be used. 
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B.1.2 ISO 4902 (DB37) 37-pole DTE/DCE interface connector 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

DTE contact arrangement
viewed from connector

10%

R2.69

R2.59

8.48
8.23

55.55

55.3

Connector
housing

5.99
5.69

 
 

Figure B.1.2.1: DTE connector (dimensions in millimeters) 

19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20

19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20

+ + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + +

100

8.03
7.77

DTE contact arrangement viewed from connector front (DTE side)

63.63
63.37

R2.62
R2.4654.97

54.71
Connector
housing

6.3
6.05

 

Figure B.1.2.2: DCE connector (dimensions in millimeters) 
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Table B.1.2.1: Assignment of contact numbers 

First segment assignment2) Second segment assignment 2) Receiver 
category4) Direction to 

Contact 
number 

Circuit 
number 

Interchange 
points3) 

Contact 
number 

Circuit 
number 

Interchange 
points3)  DTE DCE 

1 1)     - -  

2 N A-A’ 20 102b C-B’ 2 ×  

3 N A-A’ 21 N B/C-B’ 1 ×  

4 103 A-A’ 22 103 B/C-B’ 1  × 
5 114 A-A’ 23 114 B/C-B’ 1 ×  

6 104 A-A’ 24 104 B/C-B’ 1  × 
7 105 A-A’ 25 105 B/C-B’ 1  × 
8 115 A-A’ 26 115 B/C-B’ 1 ×  

9 106 A-A’ 27 106 B/C-B’ 1 ×  

10 141 A-A’ 28 N A-A’ 2  × 
11 107 A-A’ 29 107 B/C-B’ 1 ×  

12 108* A-A’ 30 108* B/C-B’ 1 ×  

13 109 A-A’ 31 109 B/C-B’ 1 ×  

14 140 A-A’ 32 N A-A’ 2  × 
15 N A-A’ 33 N A-A’ 2 ×  

16 111 A-A’ 34 N A-A’ 2  × 
17 113 A-A’ 35 113 B/C-B’ 1  × 
18 142 A-A’ 36 N A-A’ 2 ×  

19 102 C-C’ 37 102a C-B’   × 

Key: N - Contact permanently reserved for national use. 

        *  -  Circuit 108/1 or circuit 108/2 (if one of them is provided) 

Notes: 

1. Contact 1 is assigned for connecting the shield between tandem sections of the shielded 
interface cable. The shield may be connected either to protective ground or to signal ground at 
either DTE or DCE or both in accordance with national regulations. 

2. Signal ground may be further connected to protective ground in accordance with national safety 
regulations. Caution should be exercised to avoid establishment of ground loops carrying high 
currents. 

3. The assignment of contact numbers for each segment has been aligned to specify pairing and 
connection to multipaired interconnecting cable. Each row of table presents the respectively 
paired contacts, i.e. 2 and 20, 3 and 21, etc. 

4. A, A, B, B’, C and C’ indicate the associated interchange points as designated in figure 2 of 
CCITT Recommendation V.10 and V.11. Where B/C is indicated in table 1, the B designation 
applies only when a V.11 generator is used and the C designation applies only when a V.10 
generator is used. 

The receiver categories are as designated in V.10. Where category 1 receiver applies either 
V.10 or V.11 generators may be used. Only V.11 generators may be used for circuits 103, 104, 
and 114, 115. Where category 2 receiver apply, V.10 generators are used. 
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B.1.3 ISO/IEC 10173 

Table B.1.3: Contact assignment 

Contact Terminal Interface 

1 & 2 Receive pair 

3 Shield reference point (if provided) 

4 & 5 Transmit pair 

6 Shield reference point (if provided) 

7 Unused 

8 Unused 

B.2 Table of requirements 
Refer to other 

standards 
 

Items 

 

 

Name 
 

Requirement 
Item Name 

4 General technical requirements    

4.1 Requirements of electrical safety 
and electromagnetic compatibility 

   

4.1.1 Protections against overvoltages 
and overcurrents 

Conform to TCN 68 - 140: 
1995 

3.2.7 TCN 68 -
140: 1995 

4.1.2 Guaranteeing safety for operators 
and users 

Conform to TCN 68 - 190: 
2000 

3.2 TCN 68 -
190: 2000 

4.1.3 Protection of user from 
overvoltages 

Conform to TCN 68 - 190: 
2000 

3.2 TCN 68 -
190: 2000 

4.1.4 Requirements of electromagnetic 
compatibility 

Conform to TCN 68 - 191: 
2000 

 TCN 68 -
190: 2000 

4.2 Interconnection point    

4.2.1 Location Figure 1   

4.2.2 Requirement Power: 220 V AC ± 10%  
or 48 V DC ± 10% 

  

4.2.3 Type of connector Depend on type of interface 
used 

 ISO 4902 

ISO 2593 

ISO/IEC 
10173 

4.3 Interface electrical requirements    

4.3.1 Type of interface V.35; V.11 or G.703 64 kbit/s   

4.3.2 Data rate and timing    

4.3.2.1 Data rate n × 64 kbit/s (n =1÷31)   

4.3.2.2 Timing In both slave (default) and 
master-timing (option) 

  

4.3.3 Interchange circuits at interface    

5 Electrical characteristics of 
interchange circuits for V.11 
interface 
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Refer to other 
standards 

 

Items 

 

 

Name 
 

Requirement 
Item Name 

5.1 Electrical characteristics of 
balanced interchange circuits 

Conform to V.11  ITU-T V.11 

5.1.1 Symbolic representation of 
interchange circuit 

Figure 2 3 ITU-T V.11 

5.1.2 Generator polarities and receiver 
signification levels 

 4 ITU-T V.11 

5.1.2.1 Generator  Voltage between A and B in 
figure 2 

4.1 ITU-T V.11 

5.1.2.2 Receiver Table 1 4.2 ITU-T V.11 

5.1.3 Generator  5 ITU-T V.11 

5.1.3.1 Resistance and DC offset voltage Resistance ≤ 100 Ω 

Offset voltage ≤ 3.0 V 

5.1 ITU-T V.11 

5.1.3.1 Static reference measurements  5.2 ITU-T V.11 

a)  Open-circuit measurements  V0.6V0 ≤  

 V0.6V a0 ≤  

 V0.6V b0 ≤  

5.2.1 ITU-T V.11 

b) Test-termination measurements  V2Vt ≥  

t0 V V5.0 ≤  

 V4.0VV tt <−−  

 V0.3V s0 ≤  

( ) ( )  V4.00V1V s0s0 <−  

5.2.2 ITU-T V.11 

c) Short-circuit measurements mA 150Isa <  

mA 150Isb <  

5.2.3 ITU-T V.11 

d) Power-off measurements A 100Ixa μ<  

A 100Ixb μ<  

5.2.4 ITU-T V.11 

5.1.3.3 Dynamic voltage balance and rise 
time measurements 

 V4.0VE <  

ns 20t ,ns 200t

t 1.0t ns, 200t

rb

brb

≤<

≤≥
 

5.3 ITU-T V.11 

5.1.4 Load  6 ITU-T V.11 

5.1.4.1 Characteristics In terms of parameters in 
figures 6 and 7. 

6.1 ITU-T V.11 

5.1.4.2 Receiver input voltage-current 
measurements 

According to figure 6 6.2 ITU-T V.11 

5.1.4.3 DC input sensitivity measurements According to table 2 6.3 ITU-T V.11 

5.1.4.4 Input balance test Receiver shall remain in 
intended binary state under 
conditions: 

6.4 ITU-T V.11 
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Refer to other 
standards 

 

Items 

 

 

Name 
 

Requirement 
Item Name 

a) Vi = +720 mV       

    Vcm:  -7 V ÷ +7 V 

b) Vi = -720 mV       

    Vcm:  -7 V ÷ +7 V 

c) Vi = +300 mV       

    Vcm: 1.5 V (peak-peak) 

d) Vi = -300 mV       

    Vcm: 1.5 V (peak-peak) 

5.1.4.5 Terminator  Ω<  100Z  6.5 ITU-T V.11 

5.2 Electrical characteristics of 
unbalanced interchange circuits 

Conform to V.28  ITU-T V.28 

5.2.1 Interchange equivalent circuit Figure 9 2 ITU-T V.28 

5.2.2 Load 

pF 2500C

 7000R 3000

L

L

≤

Ω<<Ω
 

3 ITU-T V.28 

5.2.3 Generator V 15V0 ≤  4 ITU-T V.28 

5.2.4 Significant levels Table 3 5 ITU-T V.28 

5.2.5 Signal characteristics  6 ITU-T V.28 

6 Electrical characteristics of 
interchange circuits for V.35 
interface 

  ITU-T V.35 

6.1 Electrical characteristics of 
balanced interchange circuits 

 Appen-
dix II 

ITU-T V.35 

6.1.1 Generator  II.3 ITU-T V.35 

a) Impedance 50 ÷150 Ω a) ITU-T V.35 

b) Resistance between shorted 
terminals and 102 circuit 

150 ± 15 Ω a) ITU-T V.35 

c) Voltage between terminal-terminal 0.55 V ± 20% b) ITU-T V.35 

d) Rise time between 10% and 90% 
points of any change state when 
terminated as in c) 

Less than 1% of nominal 
duration of signal element or 
40 ns, whichever is the 
greater 

c) ITU-T V.35 

e) DC line offset ≤ 0.6 V e) ITU-T V.35 

6.1.2 Load  II.4 ITU-T V.35 

a) Input impedance 100 ± 10 Ω a) ITU-T V.35 

b) Resistance between shorted 
terminals and 102 circuit 

150 ± 15 Ω b) ITU-T V.35 

6.1.3 Cable Balanced twisted multi-pair 
type with characteristic 
impedance: 80 ÷120 Ω 

II.5 ITU-T V.35 

7 Electrical characteristics of G.703 
64 kbit/s interface 

 5.2 ETSI EN 
300 290 
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Refer to other 
standards 

 

Items 

 

 

Name 
 

Requirement 
Item Name 

7.1 Output port  5.2.1 ETSI EN 
300 290 

7.1.2 Signal coding  4.2.1.1 ITU-T 
G.703 

7.1.2 Waveform shape Table 4, figures 13 and 14 5.2.1.2 ETSI EN 
300 290 

7.1.3 Output timing - From RX 

- External source 

5.2.1.3 ETSI EN 
300 290 

7.1.4 Output jitter Table 5 5.2.1.4 ETSI EN 
300 290 

7.1.5 Impedance toward ground > 1000 Ω 5.2.15 ETSI EN 
300 290 

7.1.6 Longitudinal conversion loss Table 6 5.2.1.6 ETSI EN 
300 290 

7.2 Input port  5.2.2 ETSI EN 
300 290 

7.2.1 Signal coding Article 7.1.1 5.2.2.1 ETSI EN 
300 290 

7.2.3 Input clock tolerance Figure 15 and table 7 5.2.2.3 ETSI EN 
300 290 

7.2.4 Input loss tolerance  5.2.2.5 ETSI EN 
300 290 

7.2.5 Immunity against reflections  5.2.2.6 ETSI EN 
300 290 

7.2.6 Input return loss Table 8 5.2.2.4 ETSI EN 
300 290 

7.2.7 Impedance towards ground > 1000 Ω 5.2.2.5 ETSI EN 
300 290 

7.2.8 Longitudinal conversion loss Table 9 5.2.2.6 ETSI EN 
300 290 

B.3 Pseudo-random pattern of 211 - 1 (2047 bit) pattern length 

This pattern is primarily intended for error and jitter measurements on circuits 

operating at bit rates of 64 kbit/s and n×64 kbit/s. 

The pattern may be generated in an eleven-stage shift register whose 9th and 
11th stage outputs are added in a modulo-two addition stage, and the result is fed 
back to the input of the first stage. 

+ Number of shift register stages  11 

+ Length of pseudo-random sequence 211 − 1 = 2047 bit 

+ Longest sequence of ZEROs  10 


