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1.0    Introduction
MT90224 is the second generation Inverse
Multiplexing for ATM (IMA) device from Zarlink
Semiconductor. Inheriting the architecture of first
generation products, MT90224 is end-to-end

compatible with MT90220/221, but with the following
enhancement:

- Single chip supporting 16 TDM links and 8 IMA 
groups

- Versatile TDM interface including T1, E1 
fractional T1/E1 or DSL

- Utopia level 2 port
- A TDM ring for cascading multiple chips

This document discusses the application and operation
of TDM ring. 

2.0    Why TDM Ring
The main purpose of TDM ring is to allow the creation
of an IMA group with links physically located on
different MT90224 chips. The ring works like a cross-
connect switch by which any TDM link of one IMA chip
can be routed to any other chip in the ring, as shown in
Figure 1. 
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Figure 1 - TDM ring is like a cross-connect switch
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3.0    Applications
There are several ways to take advantage of the TDM ring on MT90224. Two examples are shown below. 

3.1    Termination of DS3 Link
Two MT90224 devices are needed to handle all 28 T1 links de-multiplexed from a DS3. Half of the links will be
physically connected to the first MT90224, and the other half to the second MT90224. With the usage of TDM ring,
it is possible to group T1 links from both MT90224 chips. 

Without the presence of TDM ring, it would cost an external cross-connect switch to gain such flexibility.

3.2    Maximizing the Flexibility in Grouping TDM Links
With the presence of TDM ring, IMA core function inside one MT90224 becomes a resource not only available to
those links physically connected to this particular device, but also available to all links attached on the TDM ring.
Now the bandwidth is scalable and its usage can be maximized through the sharing of IMA resource and TDM link
resource among the devices in the ring. 

4.0    Ring Architecture

4.1    Pin-out
For each MT90224 device, TDM ring circuit consists of 10 output pins as Tx port and 10 input pins as Rx port. 

4.1.1    Tx Port
TxRingClk Ring clock output. It is used for clocking out TxRingData and aligning the TxRingSync. It is

the same frequency of system clock, and is connected to the RxRingClk of the next
MT90224 in the ring. If TDM ring is not used this output is in high impedance.

TxRingSync Synchronization output. It is used for retrieving both data and control information from the
TxRingData[7:0]. It is a clock signal at the half frequency of TxRingClk, and is connected to
the RxRingSync of the next MT90224 in the ring. If TDM ring is not used this output is in
high impedance. 

TxRingData[7:0] Data bus that contains transmit data and control information necessary for the ring to
function. It is connected to the RxRingData of the next MT90224 in the ring. If TDM ring is
not used this outputs are in high impedance. 

4.1.2    Rx port
RxRingClk Ring clock input. It is used for clocking in the RxRingData and RxRingSync. It is connected

to the TxRingClk of the preceding MT90224 in the ring. There is an internal weak pull-up
on this input.

RxRingSync Synchronization input. It is connected to the TxRingSync of the preceding MT90224 in the
ring. There is an internal weak pull-up on this input.        

RxRingData[7:0] Data input. It is connected to the TxRingData of the preceding MT90224 in the ring. There
are internal pull-ups on these inputs.

4.2    Tx/Rx Link Connection
As shown in Figure 2, TDM ring is located between TC (transmission convergence) layer and physical layer inside
MT90224. Specifically, it is attached between ICMCS (ICP Cell Modifier and Cell Scrambling) block and P/S
(Parallel-to-Serial) circuit for transmit direction, and between CD (Cell Delineation) block and S/P (Serial-to-
Parallel) circuit for receive direction. 
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Cells generated by ICSMS can be routed to P/S of another device via TDM ring, which is called Tx link connection
(shown by solid gray line in Figure 2). Similarly, cells received from Rx links can also be routed to CD block of
another device in the ring. This is called Rx link connection (dashed gray line in Figure 2). 

Cells coming in from Utopia port are treated the same until they get out of ICMCS blocks, where they will either go
to local Tx links or TDM ring. Cells arrive at CD blocks are all treated the same afterwards, regardless whether they
are from TDM ring or local Rx links. 

4.3    Ring Tx/Rx Link Registers
There are 32 TDM Ring Link registers (16 for Tx and 16 for Rx) for link connection. 

Again, take Figure 2 as an example, to make a Tx link connection shown as gray solid line, one needs to:

1. Select a ring address (0 to 31) that is not currently being used. For example, address 9. 
2. On MT90224_1, address 0x0190 (Ring Tx Link register for Tx link 15):

- Set bit 11 to select ring mode
- Assign ring address 9 to bits 10:6

3. On MT90224_2, address 0x0181 (Ring Tx Link register for Tx link 0):
- Set bit 5 to select ring mode
- Assign ring address 9 to bits 4:0
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Figure 2 - Link Connection through TDM Ring
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The same procedure can be applied to make an Rx link connection (dashed gray line) by programming Ring Rx
Link registers, but a different ring address must be assigned.

Tx link connection and Rx link connection works independently, therefore, it is possible to establish asymmetrical
operation, where the number of Tx link connections and the number of Rx link connections are not the same. 

Up to 32 links, in each of the Tx and Rx, can be put onto the TDM ring. Each link must have a unique address.
When those links are received at Rx port of the ring, MT90224 will scan all link addresses to see if they match any
enabled address in its Ring Tx/Rx Link registers. Any link that matches a local address will be terminated and
dropped off the ring. The rest will be transparently passed over to Tx port of the ring, where they will be multiplexed
with the locally generated new links and sent to the next device on the ring. Such a case is illustrated in Figure 3.  

Figure 3 - Multiple MT90224 Connected in a TDM Ring

If a connection traverses multiple devices, only the registers on source and destination devices need to be
programmed. Devices in between them will pass it through transparently.       

5.0    Ring Master
In a TDM ring, only one of the devices must be configured as the ring master. Ring master is selected through Ring
Control Register (0x180). The ring clock comes from the system clock of the ring master. It is important that system
clocks of all the MT90224 devices in the ring must be synchronous, that is, they must be of the same frequency but
they can be with different phase.

Ring master is responsible for initialization and maintenance of the ring. Set bit 1 in Ring Control register for more
than 1ms will initialize the ring. Maintenance is performed by ring master without any user intervention.  
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6.0    Ring Delay
Delay is introduced when data passes through the TDM ring. For Tx link connection, it becomes a critical factor
because data byte must arrive at destination Tx link in time before its timeslot is gone. For example, at E1 link, one
byte is transmitted out every 3.9us; hence the total delay caused by TDM ring must not exceed 3.9us.

Total ring delay consists of two types: bypass delay and process delay. Bypass delay is introduced by MT90224 to
all data that passes through it. It is the time when data comes into Rx ring until it gets out of Tx ring. The bypass
delay of the whole ring is approximately equal to:

bypass_delay = number_of_devices_in_the_ring * 6_ring_clock_cycles

The process delay, however, is introduced by source device only when a link is to be inserted into the ring. It is the
time a link has to wait before it can find a free slot on the ring. This delay time is affected by the load on the ring. In
the worst case, we have:

process_delay = number_of_links_in_the_ring * 4_ring_clock_cycles.

Total delay is obtained by summing up bypass_delay and process_delay. 

Given that ring clock cycle is 20ns, maximum number of links that can be in a ring is 32, and maximum allowed
delay is 3.9us, we can conclude that the number of MT90224 devices in a ring is 11 in this case.

As a general rule, it is recommended that the maximum number of MT90224 devices connecting to a TDM ring be
no more than 6. 

In above calculation, the propagation delay around the ring is assumed to be negligible when compared with ring
clock cycle. If that’s not the case, propagation delay should also be considered as part of total delay. 
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